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It’s Lew: 
It’s HERE Now! 


The sharp, clean Pattern of lines and 


NOW YOU SEE IT NOW you DON'T cubes actually fades away as you cha 
Be Ue 8 em ee ng ee your “‘point-of-view."’ You see only the 
Sl Ge Sa oe Py ey al os Soft, luminous glow of high intensity, fo) 
20 Od ee ee brightness lighting. You'll probably 
aS os het ee me ey ay think the open cubes have melted int 
83 BS GS an AO OE Ba me a solid panel! That’s the magic of 
Sl GW Gs ae 2 oa er ge Mystic GrateLite Louver Diffuser! 


6a rensc for Use as complete ceilings 
since 1902 or in Guth fixtures, (1.B.E.W. made 
and wired) write for the 


“US. Pat. No. 2,927,200 & No 2,927,994 MYSTIC GRATELITE BROCHURE NO 


e Only Square D makes thermal 
. overload relays with 1-piece construc- 
tion—and only with 1-piece construc- 
tion can you know you've installed the 
| heater correctly. Square D 1-piece 
overload relays can be installed only 
one way. They are factory-assembled, 
, individually tested and calibrated, 
completely tamper-proof. Repeated 
i tripping will not affect accuracy. 


You pay for overload protection — 
be sure you get it. Insist on Square D 
l-piece overload relays for absolute 
} protection. 


ae aca 


Mail coupon 
today 

for simple 
"Sig-saw’’ 
demonstrator 
—see why only 
Square D 
gives absolute 


protection 


SQUARE 
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wherever electricity is distributed and controlled 
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ONLY SQUARE D STARTERS 
WITH ONE-PIECE 
_ OVERLOAD RELAYS GIVE Absolufe PROTECTION! 


Heat-respon- 
sive element 
(solder pot) 
provides accu- 
rate response 
to overload, yet 
prevents nui- 
sance tripping. 


Heat-producing element 
is an integral part of 
overload unit. It’s perma- 
nently joined to solder 
pot, can’t become mis- 
aligned. 


Square D Company 
Department SA-222 
4041 North Richards Street 
Milwaukee 12, Wisconsin’ 

Please send me information on Square D 
magnetic starters, along with your simple 
3-minute “‘jig-saw’’ demonstrator’ 
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24° High-Bay 1000 Watt 
Mercury Vapor Lighting Units 


higher production. . . fewer rejects... 
improved employee relations .. . extended safety records 


more effective illumination at the work level! 


Here is a precision-designed lighting unit for large industrial interiors and high-bay plant 
areas. High illumination levels without uncomfortable glare... Ventilated hood for lower 
Operating temperature and minimum dirt accumulation...the new APPLETON 24” High- 
Bay Mercury Vapor Lighting Unit is a unique combination of technical features which give 
you more useable illumination at the work level. Available in: 1 pc. socket type construction 
or with the 2 pc. APPLETON DISKONECT time-saving maintenance feature. (Permits both 
lamp and reflector to be removed as a complete unit without disturbing wiring!) Reflecting 
surfaces are of ALZAK* processed aluminum. Available for concentrating or spread-type 
illumination distribution. For use with 1,000 Watt Mercury Vapor Lamps, this new APPLE- 
TON 24” High-Bay Mercury Vapor Lighting Unit is designed to meet your specific needs. As 
with all APPLETON Industrial Lighting Products... you can see the difference! 


*A proprietory term of Aluminum Company of America 


Sold Through Franchised Distributors Only 


Also Manufacturers of: 


APPLETON ELECTRIC COMPANY 


1701 Wellington Avenue, Chicago 13 a | Cia 


"ST" Series Connectors Unilet Fittings 


Malleable fron 
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For the 

finest 

in frictio 

rubber 

or plastic tape 

always 
look to ACCURATE .*: . 
suppliers of 

“your best buy 


in tape.” 


Non-Raveling 
Straight Tearing 


oy Strong Adhesion 
a ¥ Highly Insulating 


COURATE TAPE 


ACCURATE MANUFACTURING COMPANY 
Garfield, New Jersey 


High Tensile Strength 


MAY 


1960 


Washington Report 


Government economists are not all as optimistic about busi- 
ness prospects for 1960 as they were around the first of the year. 
Some of the statistics on national economy yardsticks have re- 
flected declines, or growth slowdowns, during the first quarter 
of the year. But the Administration blames record blizzards, 
heavy snowfalls, and unusually low temperatures during Feb- 
ruary and March for slowdowns in construction, retail sales, etc., 
and still maintains that 1960 will be a record year in most types 
of business. Gross national product is expected to cross the 
$500 billion annual rate in the second quarter of this year. 


Average family income in 1959 was $6,520, in the U. S., 
according to Dept. of Commerce. This was 4% more than for 
the year before. In comparison, however, Government spend- 
ing (Federal, State and local) is also increasing from year to 
year. Gross spending by all Federal agencies in fiscal 1960 will 
total about $98 billion, up from about $84 billion in 1958. 
Government spending of all types now totals about one-third 
of the entire national income, according to a recent estimate 
of Treasury Secretary Anderson. 


Cost-of-living moved up again in February to an index figure 
of 125.6% (of the 1947-49 average), same as the record high 
reported for last November. The index had declined slightly 
during December and January. Labor Department spokesmen 


forecast a modest gain in consumer prices during 1960 of 
about 1.5%. 


Total new construction will reach a record of about $57 bil- 
lion this year, according to recent estimate of Associated General 
Contractors of America, Inc., up more than $1 billion from the 
Government’s December estimate of $55.3 billion. In addition, 
AGC spokesman predicted maintenance and repair dollar vol- 
ume will total about $20 billion, up $1 billion from 1959's record 
$19 billion. 

But most contractors expect profits to decline, in spite of 
increased dollar volume. Reasons: the industry’s capacity far 
outstrips the rise in dollar volume, wages are increasing, and 
materials prices continue to rise. 

New construction outlays in March were up 5% from Feb- 
ruary, to $3.7 billion, and about 4% more than for March 
1959, according to Dept. of Commerce report. Construction 
spending for the first three months of 1960 totaled $10.9 bil- 
lion, or 2% below the like period last year. 


Housing starts rose seasonally during March, which is normal, 
but the seasonally-adjusted annual rate was still only 1,115,000 
units, less than the 1.2 million units previously forecast for the 
year by Government officials. March starts totaled 93,800, up 
from 74,400 in February. 


School construction requirements for the next ten years add 
up to 607,600 classrooms, costing an estimated $26.8 billion, 
according to a recent report prepared by the U. S. Office of 
Education. 


Copper production during March set a new all time record 
on the basis of combined domestic and foreign output. U. S. 
mines output and scrap intake totaled 117,161 tons, and for- 
eign producers turned out 199,784 tons. This reflected the 
return of U. S. mines to full production following settlement of 
long strikes around the first of the year, as well as increased 
output from new mines and expansion of others. 
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MG Of these dry-types” 


that’s right, KNOWING 
the features of QHT dry-type 
transformers means satisfac- 
tion, can save time and money, 
and may win you a vacation 
of your choice in New York, wy 
Miami, Las Vegas, or Los Angeles 


General Electric QHT dry-type transformers provide a balanced com- 
bination of small size, light weight, superior installation features, high- 
temperature insulation, and quiet operation. This combination means 
easier installation and practically eliminates the major sources of trans- 
former complaints—noise and insulation failure. Review these features: 


Ease of installation. These General Electric QHT dry-types are built with 
convenient conduit knock-outs, large terminal compartments, and wiring 
spaces which are easily accessible from the front. You'll save time and 
money every time you install one. 


Quiet, high-temperature operation. All QHT transformers have sound levels 
equal to or less than NEMA Standards. The rigid, welded design of the 
units helps eliminate vibration, and built-in rubber mountings reduce noise ~ 
transfer through conduits and mounting brackets. QHT dry-types have 
silicone-impregnated insulation, highly moisture resistant, with an in- 
herent ability to withstand high operating temperatures. 


Small size, light weight. Because these new QHT dry-type transformers are 
built of quality, weight-saving materials such as aluminum conductors and 
cold rolled, grain-oriented silicone steel, you get a unit that’s lighter and 
smaller than old type designs. You’ll save space and money in installation 
by putting these new transformers right at the load. 


Fast delivery. Complete stocks of these new General Electric QHT dry- : 
type transformers are available at your local G-E electrical distributor. See 
him today for all the information on what these QHT features mean to you. 
And ask him for details on the “QHT EXPLORER CONTEST”—he’ll 


give you all the details and an entry blank. : 
*Registered Trademark of General Electric Co. : 


announcing the 


dry-type transformer 


EXPLORER — 


CONTEST 


. .. You can win a vacation for two in your choice of New York, Miami, Las Vegas, 
or Los Angeles, or one of 1400 other prizes, simply by exploring the world of extra 
values in General Electric QHT dry-type transformers. Call your G-E dry-type trans-_ 
former distributor and ask him for details on the “QHT EXPLORER CONTEST’ —_ 


he’ll give you all the details and an entry blank. 4utt4 
, No entries will be accepted from employees of the General Electric Company or its subsidiaries. 


GENERAL@Q ELECTRIC 
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Sidelights 


ELECTRICAL CONSTRUCTION TECHNIQUES 


ELECTRICAL SYSTEMS DESIGN 


RESIDENTIAL RACEWAY SYSTEM 


Most of the editorial contents of this issue is devoted to an original, 
book-length editorial feature, “Constructing Electrical Systems.” The 
project is essentially complementary to “Electrical Systems Design” which 
appeared in the May 1959 issue and deals with the application and instal- 
lation of electrical systems with detailed references to the pertinent pro- 
visions of the National Electrical Code. Past experience indicates that 
many of our subscribers and their associates will want copies of this 
project in a permanent reference form. Preparations are being made to 
offer a hard-cover book edition of ‘Constructing Electrical Systems” at 
an early date. Check this page next month for details and prices. 


Just off the press this month is the Second Edition of “Electrical Sys- 
tems Design” by Joseph F. McPartland and the Editors of Hlectrical Con- 
struction and Maintenance. The new edition involves an extensive revi- 
sion of the original work and a great deal of new data has been added. 
It covers modern standards, procedures and developments in electrical 
systems design for power, light, heat, air conditioning, signals and com-- 
munication. Code requirements are correlated with engineering consid- 
erations. The new edition not only reflects recent advances in systems: 
design, but also incorporates the most recent changes in the code. While 
the work was intended primarily for the professional as a basic guide and 
reference to modern practice, it also has been widely used as a textbook 
for courses in electrical construction design. “Electrical Systems Design,” 
Second Edition, is published by the McGraw-Hill Book Co. and priced 
at $7.75. 


A wiring system using surface metal raceways exposed on the base~ 
ment ceiling to carry high capacity feeders is among the novel methods: 
employed in_a new Gold Medallion home built for William E. Parks im 
Plantsville, Conn. No. 6, 3-wire, feeder circuits originating at the service: 
entrance panel extend about two-thirds of the length of the basement in: 
three metal raceways. Branch circuit breakers are installed on the race- 
ways directly under or adjacent to the various appliances and circuits 
served. The method permits very short individual appliance branch cir- 
cuits and home runs. A detailed description of the installation will appear 
in the June issue. 


ELECTRICAL MATERIALS 
COST INDEX 


BASE LINE (1000) REPRE- 


SENTS COSTS OF TYPICAL 1130 — a + 130 


ASSORTMENT OF MATERI- 


ALS FOR A SELECTED JOB 


AS OF NOVEMBER 1, 1951, 110 


INDEX POINTS REPRESENT 1100 


THE VARIATION OF THESE 


SAME MATERIAL COSTS AS 


OF THE FIRST OF EACH 1080 


MONTH. 
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SOURCE - NATIONAL PRICE SER 


EPT. 
VICE, CLEVELAND, OHIO 


Make your homes 
more inviting with 

a friendly “hello” 
at your doorways. 


SRNR UW hd NE Yaak hr Boe ral te 


L-23 
2-notes 
8.95 list. 


Contemporary or Traditional 
styles .. to suit any interior. 
Here’s elegant charm for your 
hallways .. living rooms or 
kitchens. Attractive to the 

. . soothing to the ear. 


a 


NON-ELECTRIC DOOR CHIME | 
with PRIVATE INSIDE VIEWER 


Protection for the home! No need to open the 
door when strangers call. The optical lens 
gives a “wide angle” view of entire door area. 
Sounds two chime notes. No wiring is needed. 
Easy to install in doors 34” to 2” thick. 


See Next Page ———~> 


No extra walking .. no loud shouting . . 
just speak softly into any speaker to be 
heard in every room .. or patio. 


@ Two-way outside remote lets you talk to 
strangers without opening the door. 


e Each room is capable of originating calls 
to any other room of the house. 


e Keeps an ear on children’s activities either 
in the nursery or in the playroom. 


ASY TO INSTALL 
NuTone Intercom 
leaves both hands 
ree for installation. 
Boxes adjustable 
to the wall line. 


EE 
ze Choice of 2 basic models . 
CATALOGS Standard AM, $129.50 
Write NUTONE, Inc. Deluxe AM-FM, 179.50 — 
Dept. AB-5 


Cincinnati 27, Ohio See Other Side — 
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Tape 


Sticks fast 


Stays tight 


strength 


MAKE BULL DOG YOUR PET TAPE... 
for every purpose 


© FRICTION ¢ RUBBER © PLASTIC 


Resists 
moisture 


Sold only 

through verified 
wholesalers 

BOSTON WOVEN HOSE & RUBBER COMPANY 


B0sS | ON DIV, OF AMERICAN BILTRITE RUBBER CO.. INC. 


BOSTON 3, MASS. 
Also manufacturers of Garden Hose - Matting - Stair Treads - Automotive Hose 


ELECTRICAL CONSTRUCTION AND MAINTENANCE ... MAY, 1960 


point! 


Splices neatly 


Non-raveling 


High dielectric 


Resists aging 
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WAGNER UNIT SUBSTATION TRANSFORMERS | 


VENTILATED DRY-TYPE—For indoor installation in 
reasonably dry, dust-free, well ventilated locations. 
Light in weight, ideal for multi-story buildings. No 
fireproof vaults required. Insulated for 80°C tem- 
perature rise. 


OIL-FILLED— Generally installed outdoors. Can be 
used indoors in fireproof vaults. Outdoor trans- 
formers can be connected to indoor switchgear using 
weather-proof bus-duct. 55°C rise, self-cooled or 
forced-cir cooled, 


NOFLAMOL—Non-inflammable liquid-filled, For ine 
door or outdoor installation, especially suited for 
chemical plants, refineries and similar locations where 
explosive liquids or gases are present. The close- 
coupled design fits flush against switchgear en- 
closures to save space. Throat connected designs 
ore also available, 55°C rise, self-cooled or forced> 
oir cooled, 


ELECTRICAL CONSTRUCTION AND MAINTENANCE... 


112% to 2000 Kva—three phase, 
60 cycles, 15 KV and below 


for your plant’s | 
electrical system... 


SELECT WAGNEF 


There’s a complete line of Wagner Industrial Transformers, 
One or more of them will fit your specific needs whether 
you're planning a new plant distribution system, moderniz- 
ing your present one, or adding to its capacity to meet in- 
cr edsing demands for power. So, select and specify Wagner 
Transformers, They'll give you long, 
because: 


dependable service 


All Wagner Industrial Transformers are liberally de- 


signed, sturdily constructed, ree Wa. tested, and able to 
meet the heaviest industrial deman 
dependable power for years. 


You get continuous, 


For your main plant substation, Wagner Liquid-Filled 


Industrial Power Transformers are Bvailable in standardized 


ratings through 10,000 Kva. 
Load centers? Wagner makes PREDESIGNED Unit Sub- 


ver 


SEALED DRY-TYPE—Hermetically sealed in welded steel cases to provide — 
positive protection from contamination, fire and explosion hazards. Sealed 
tank is filled with inert nitrogen. Only maintenance needed is periodic 
checking of gas pressure. Con be safely installed in any load cent 


MAY, 1960 


WAGNER INDUSTRIAL POWER TRANSFORMERS 


Oil-filled, for outdoor installations, available through 10,000 Kva, 
67 KV and below. 


Noflamol, non-inflammable liquid-filled for explosive atmospheres, 
available through 7,500 Kva, 15 KV and below. 


The performance stability of Wagner Industrial Power Trans 
formers is outstanding. Quality is designed and built into these 
transformers by specialists with years of transformer engineering 
and production experience. Highest quality materials... carefully 
controlled production methods,...constant inspections and tests 
make sure these transformers give in-service performance that 
means better service for your system 


INDUSTRIAL TRANSFORMERS 


nomical choice for plant areas requiring 120/240 volts, ' 
single-phase or 208Y/120 volts three-phase. 
Oyer 65 years of constant research and development has Pp ower Pp ack ag es: 
made Wagner a leader in transformer design ... made the 
name Wagner one of the foremost in power planning. For 


expert advice on your present and future plant transformer 
needs, call or write the Wagner branch near you. 


__ station Transformers to meet your particular requirements. 7 
_ Furnished with suitable incoming line sections, these trans- g et econ om / cal, gj 
__ formers will save you time and job engineering costs. And, 
you can specify the secondary switchgear you prefer. 
Wagner Dry-Type Distribution Transformers are an eco- dep en dab / e: 
| 


Wasner Electric Corporation 


. 
WAGNER DRY-TYPE DISTRIBUTION TRANSFORMERS 


Single-phase 1 to 100 Kva—Three-phase 3 to 300 Kva—600 
volts and below. 


These dry-type distribution transformers have a low sound level, 
are compact and light in weight. They meet all safety require- 
ments for indoor installation. They are economical to maintain... 
have no liquids, valves, gaskets or gauges. 


Type AE, single-phase, 1 through 50 Kva, and Type AP, three 
phase, 3 through 30 Kya, can be installed indoors or out. Larger 
ratings for indoor installations only. Ratings through 10 Kva single- 
phase are filled with an epoxy compound...operate quiet as a 
whisper... perfect for areas where noise would be a nuisance, 
They, and three-phase units through 30 Kva are designed for wall 
mounting ... other ratings for floor or platform mountings. 


Available for high voltages of 120 x 240, 240 x 480, 480 and 
600 volts to 120/240 volts single-phase, and 480 and 600 volts 
to 208Y/120 volts three-phase. 


ELECTRIC MOTORS > TRANSFORMERS + INDUSTRIAL BRAKES* AUTOMOTIVE BRAKE SYSTEMS—AIR AND HYDRAULIC 


WT60-3 
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how good should 
power cable be 


A frequent sight at Circle is the checking of ex- 
truder operation by laboratory technicians. They 
are concerned with seeing that the quality they 
build into a cable in the lab is realized on the 
production line. 


re 


"a 


.. for dielectric strength ? 


At CIRCLE, the point is not how well specifications are met— 
but rather how far they can be exceeded! Take, for example, the 
well-known ‘“‘double voltage test’”’ as required by IPCEA-NEMA. 


IPCEA-NEMA Performance Requirements 


“6.5.3 After the sample has been immersed for at least one hour, it 
shall withstand for 5 minutes a test voltage which is twice the test 
voltage given in Table 12.” 

“6.5.4... starting with the voltage at which the test described in 
6.5.3 was made, the voltage shall be raised in steps of approximately 
20 per cent of the immediately preceding voltage until failure occurs, 
the voltage to be kept constant at each step for 5 mintues.” 


“Circlesheath® Type RR Power Cable Performance” 


The following table describes the performance of three samples of 
Circle butyl-insulated Type RR power cable. 


500 MCM 31KV 44.6KV 307 


A Circle power cable, subjected for over two years to a 250% overload 
of rated voltage in a test still in process, continues to meet all 


specified requirements. 


Turning out high-reliability power cable requires expert knowl- 
edge of compounds, absolute quality control—and men who 
know enough to produce the very best. Next time you specify 
power cable, ask for Circle—there’s no finer made. 


WIRE & CABLE 


a subsidiary of 
Cerro ve Pasco Corporation 


RUBBER COVERED WIRE & CABLE + VARNISHED CAMBRIC CABLE - 
PLASTIC INSULATED CABLE + NEOPRENE SHEATHED CABLE +- CIRTUBE* EMT 
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BREIL, curvives torture... 


keeps production going 


These photos, and the story behind them, provide an idea of the extra- 
ordinary service you can expect from cable insulated with Silastic, the 
Dow Corning silicone rubber. 


The place: Lukens Steel Company. The installation: Exposed feeder 
cable for a 200 hp motor that powers America’s largest plate rolling mill. 


The mill operates around the clock, seven days a week . . . meaning the 
cable insulation is continuously subjected to some of the worst con- 
ditions imaginable: heat from the red-hot steel only a few feet away; 
hot “scale” off the steel; dripping grease; the salt used for cleaning the 


mill bed; and plenty of moisture. Cable size: 500 MCM. Operates at 250 volts. 


No wonder it was necessary to shut down this mill at least once a year 
to service the cable .. . that is, until 1955 when a feeder cable insulated 
with Silastic was installed. Since then, there hasn’t been a moment’s 
downtime (or any lost production) due to cable service . . . for there 
just hasn’t been any cable failure! 


reliably despite such rough operating en- 
vironments as in this installation? Leading 
manufacturers now offer power cable, con- 
trol cable, hookup wire, fixture wire and 
building wire with insulation of Silastic. 
Could performance like this help whittle your annual maintenance bill... The latter two, of course, meet accepted 
and keep production in high gear? What are your requirements for an UL standards. Want a list of these sup- 
insulation that increases cable life in almost any application and performs pliers? Just write Dept. 3905a. 


If you consider all the 
properties of a silicone rubber, you'll 
specify Silastic. 


Dow Corning CORPORATION 
MIDLAND. MICHIGAN 


ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK WASHINGTON, D. c, 
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UP-RIGHT ANNOUNCES 


r op ... telescoping aluminum work 


platform for overhead construction 
and spot maintenance : 


Lightweight, rapidly assembled by 
one man. Extends instantly for reach- 
ing heights up to 30 ft. Telescopes 
for rolling under trusses and other 
obstacles. Adjustable legs for uneven 


floors or stairways. 


, SV Oe : oO Separates eas ly into 3 com- 
Rolls through doorways . . . only 29% — : eS Se : : 
wide, telescopes and folds down. CO CNS parents for convenient ttt 


MANUFACTURED BY 


UP-RIGHT. 
SCAFFOLDS 


FOR TALLESCOPE CIRCULAR 
WRITE TO 


6 
e@ 
UP-RIGHT SCAFFOLDS :° 
® 


DEPT. 177*1013 PARDEE ST., BERKELEY, CALIF. 
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DRAW-OUT 


DESIGN 


> LIMITAMP* MOTOR CONTROL 


: 


Rated 2300 to 4600 volts for 


a-c motors up to 3000 hp. 


it 


Snap-action shutters to isolate high voltage 
... another revolutionary design feature in 
new General Electric Limitamp control... 
and just part of the built-in protection 
which makes it a really safe motor control! 


With General Electric’s safety shutters, 
the operator is protected from high voltage. 
Before gaining access to the high-voltage 
compartment, the operating handle must 


‘be turned to the “OPEN” position. This 


action automatically causes the fuse shelf 
to withdraw ... breaking high-voltage con- 
nections as the shutters drop to isolate the 
exposed bus terminals. Then—and only 
then—mechanical linkage releases the high- 
voltage compartment door. 


When the door is opened, the operator 
makes three visual checks to assure himself 
that all high voltage has been isolated: 1) 


* Reg. Trade-mark of General Electric Company 


Fuses are grounded against clips connected 
to the contactor frame; 2) Shutters are 
closed; 3) The position indicator by the 
operating handle shows “OPEN.” 


All other access to high voltage is blocked 
by metal barriers. The result: New Limit- 
amp control is the safest, simplest motor 
control available. 


Ask your G-E Apparatus Sales Engineer 
or Agent about other operation, perform- 
ance, maintenance and installation features 
of Limitamp control. Or, write Sect. 783-13, 
General Electric Co., Schenectady, N. Y., 
for Bulletin GEA-6893. Industry Control 
Department, Salem, Virginia. 


Progress /s Our Most Important Product 


GENERAL ELECTRIC 


EASY T0 CUT 


Reynolds Aluminum Rigid Conduit 


REDUCES 


INSTALLATION COSTS 


Reynolds Aluminum Rigid Conduit 


can be cut quickly and‘easily. with an « 


ordinary hacksaw or power ‘Saw, 
Thread-cutting is§ easy and standard 


cutting lubricants are used. One of the. 


easiest to work of all metals; aluminunt 
bends and forms simply and accurately. 
This is important when making saddle 
bends and in final adjustments at the 
junction boxes. And, because alumi- 
num is lightweight—about one-third 
the weight of conventional conduit— 


a LIGHTWEIGHT 
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handling and installation are easier, 
and costs are lower. 
Aluminum conduit resists corrosion 


“from weather and most industrial at- 


mospheres. Non-magnetic, it often per- 
mits longer conduit runs or smaller 
conductors. 

For complete information and names 
of Reynolds Aluminum Rigid Conduit 
Distributors, call your Reynolds Sales 
Office or write Reynolds Metals Com- 
pany, Box 2346-ET, Richmond 18, Va. 
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on your 
next bill 
of materials— 


see your 


iBURNDY 


PISTRIBUTOR 


welds a permanent 
electrical connection 
asily and economically 


‘any copper conductor 
or steel structure 


SNR 


eke 


Type CB1 


‘ : Site 
Weld anywhere with light- Pour powder into mold, tap. 
weight THERMOWELD. _§Starting powder won’t mix 
Self-contained, needs no with welding powder, as- 
external source of power. sures positive firing. 


ORWALK, CONNECT. @ S8ICC—BURNDY Ltd., Lancs., England @ In Continental Europe: Antwerp, Belgium 


Type CR] 


Close cover, ignite with flint 
gun. THERMOWELD forms 
liquid copper which fuses 
conductors into solid mass. 


Ultramodern’ASM headquarters at Metals Park, Novelty, Ohio demonstrates geodesic dome construction. Architects: John Terence Kelly, 
Cleveland, Ohio; General Contractor-Engineering: Gillmore-Olson Co., Cleveland, Ohio; Electrical Engineers (Plans & Specifications): John Paul 
Jones, Cary & Millar, Cleveland, Ohio; Electrical Sub-Contractor: Doan Electric Co., Cleveland, Ohio. 


Nepcoduct fits the job perfectly at 


Son 


ASM's New Geodesic Dome Headquarters 


Continuous curve of building posed unusual problem in installing underfloor raceways, 


To provide complete electrical flexibility, underfloor 
raceways were specified for American Society for 
Metals’ ultramodern National Headquarters build- 
ing at Novelty, Ohio. But they had to conform to 
the continuous curve of the semi-circular building. 
“Nepcoduct”’ fit the job perfectly without the use of 
elbows or special fittings which meant economical 
installation. National Electric’s ““Nepcoduct’’ Under- 


NATIONAL ELECTRIC DIVISION 


floor Raceway was the up-to-the-minute answer to 
a very new problem in electrical construction. 

““Nepcoduct” Underfloor Raceways are but one of 
a complete line of modern underfloor and surface 
electrical distribution. systems available from 
National Electric, For ‘complete details, write to 
National Electric Division, H. K. Porter Company, 
Inc., Porter Building, Pittsburgh 19, Pa. 


PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equipment, electrical wire and cable, wiring 
systems, motors, fans, blowers, specialty alloys, paints, refractories, tools, forgings and pipe fittings, roll formings and stampings, wire rope and strand. 
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DVANCE riuorescent 


SAVE OUR COMPANY 
KEEP OUR CUSTOMERS 


LAMP BALLASTS 
MONEY AND 
HAPPY’”’ 


John J. McLaughlin — Vice President 
KELSO-BURNETT ELECTRIC CO. 
Electrical Contractors, Chicago, Ill. 


“Fluorescent Lighting Units utilizing efficient, cool operating ballasts require 
a minimum of service calls that are so costly to us and such an inconvenience 
to our customers. Quality ADVANCE FLUORESCENT LAMP BALLASTS 


save our company money and keep our customers happy”. 


To avoid expensive call-backs and costly down-time for your customers, always demand 
' ADVANCE dependable Fluorescent Lamp ballasts. Their efficiency and performance is 
. proved in millions of lighting units. They are the choice of the nation’s leading Original 
Lighting Equipment Manufacturers and America’s foremost Electrical Contractors. Repu- 
tations are built and maintained on ADVANCE Fluorescent Lamp Ballasts .. . truly, 
“The Heart of the Lighting Industry”. 


pes 
AY 

BAMA wo a PAS 1g?) DAN Vere 1: 
===" [TRANSFORMER 


5780 Pare Street, Montreal, Quebec, Canada 
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My “PLAY BALL” will echo through Candlestick Park, THE MOST UP-TO-DATE FACILITIES for the production of rubbs 


mew home of the San Francisco Giants, during the insulated wire and cable are now in production at Linden, New Jerse 
1960 National League baseball season. Hatfield Hatfield’s new automated Linden complex also includes a ne 
wire and cable has been used extensively for copper rod mill. Adding the plastic insulated wire and cab 
field lighting and other electrical services, gp ee baa Ac facilities at Hillside, N. J., Hatfield now has more thg 
in this newest, most modern ball park. y sabe * 600,000 square feet of production space in operatio, 


General Contractor, CHAS. L. HARNEY 


Construction Management, 
MACDONALD, YOUNG and NELSON, INC. 


Architect, JOHN S. BOLLES 
Consulting Engineer, LYLE E, PATTON 
Electrical Contractor, BRAYER ELECTRIC 


TFIELD WIRE & CABLi 


t takes “major league” wire and cable products to meet all 

kinds of requirements and come through with a winning 
performance every time. Because Hatfield’s record ranks 
right up there with the all-time, all-weather, long-lasting greats 
in the wire and cable field, it is understandable why Hatfield 
products were specified for Candlestick Park —— the new 
home of the San Francisco Giants. Few can match Hatfield’s 
performance record, because Hatfield consistently “touches 
all bases”. First... prompt, efficient service; Second... rapid 
delivery; Third ... careful adherence to specifications; scor- 
ing every time...a complete line of plastic and rubber-cov- 
ered wire and cable for construction, utilities and general 
industry. If you want the best, put Hatfield on your team. 


HATFIELD PRODUCTS ARE SOLD EXCLUSIVELY THROUGH LEADING ELECTRICAL DISTRIBUTORS 


ype” 
ern aE ~ 


VISION OF CONTINENTAL COPPER & STEEL INDUSTRIES, INCORPORATED 


j 
ANTS-HILLSIDE, UNION, LINDEN ¢« EXECUTIVE OFFICES-HILLSIDE, N. J. Comers 


In this huge communications plant, over 


fittings without precision layouts. 


THE WIGGERWit eed | 
the more you save 


with UNISTRUT. framing! — 


BASE ae on- ep aaR fabrication on 
projects like this is one reason 
leading utilities and engineering 
firms standardize on UNISTRUT 
framing. 


Mr. Strut says: 
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“You're never out ona 
limb when you specify 
UNISTRUT framing. Your 
local Unistrut distributor 
has the complete line in 
stock at al/ times.”’ 


Your next electrical installation may 
not be as big or complex as this 35- 
acre Automatic Electric plant at North- 
lake, Illinois (above). But the facts on 
this big job show how savings multiply 
when you use UNISTRUT framing. 


No precision layouts! 

e 18 miles of UNISTRUT framing sup- 
ports the entire electrical system 
—from point of entry of the main 
4160 volt power cables to outlets 
at work benches. And no costly, de- 
tailed pre-designing was needed! 


No pre-fabricating! 


e With uUNIsTRUT channels and fit- 
tings, workmen can do precision 


7,000 fluorescent fixtures were hung by means of UNISTRUT raceway channels 


work quickly on the job. Hundreds — 
of standard UNISTRUT fittings make — 
**special’’ jobs routine. Most alter-— 
ations due to changes are done 
using only a wrench. 


Simplified ordering and 
handling of material! 

e Contractors can _ stockpile 

UNISTRUT channels and fittings on 


the site, use them as needed any-— 
where in the system. 


Get the whole story on how the pat- 
ented UNISTRUT framing system saves 
on electrical installations. Phone or 
write for complete information. 


UNISTRUT. 


Pioneer in Adjustable Metal Framing 


UNISTRUT PRODUCTS COMPANY 


GENERAL OFFICES: 941 West Washington Boulevard, Chicago, Illinois 
Telephone: MOnroe 6-2665 
Stocking distributors in all principal cities of the U.S. and Canada, 


Teletype: CG-1329 t 


Exported throughout the world. ‘ 
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INTRODUCING 


® 


FASTENERS 


for the electrical construction industry 
HANG IT FASTER, FIRMER—AT LESS COST 


_CHANN EL CLAMP 


For suspending 14” or 3” ee Jia, ; Used i copending th 
rod, plain or threaded, #8 1a 5 / “inch channel from 4 inch 
or #9 wire from beams, oan i r : tod, Ye inch rod, and #8 
joists or flanges. Clamps for wire. Provides instant, accu- 
VY inch rod and under adapt rate alignment prior fo chan- 
to beam flanges Ye to ¥% nel installation. Designed to 
inch thick. ¥ inch clamp will accommodate channel with 
fit Ve to V2 inch beam a Yo inch to % inch flange : 
flanges. Hammer required. via No tools required. 


HOLD-DOWN CLIP ~ a 
itm Paes ; 
iEN For use as intermediate hold- 64 ee 

down of 1 inch, % inch, 1 inch ‘ 
O. D. thin wall conduit between 


rigid support clamps. No tools 
required. 


| 


SEE OIRO RCE STORRS ree Site Ss Oa 


CABLE AND TUBING CLIP) FIXTURE CLIP 


Wire Hold-Down Clip (illustrated) fur- 
nished and priced separately. 


For use on red to firmly position 
One size will snap securely in position _ lighting fixtures, etc. May be 
to beams and columns having Ye inch ) backed up with second GAT 
to ¥@ inch thick flanges. The wire hold A Fixture Clip (or if rod is orevi- 
down element is rotatable to ously threaded with nut). Elimi- _ 
suit any angle of cable or . nates need for threading 
Hp dea. and oe sp : / rod and is fastest meth- 
justs to various diameters o : y ( a 

cable or tubing. Bridle Rings, od} x a, Asture 
Wire Hold-Down Clip and height. Available for | 
other holding devices are ’ i. Ys inch rod oe leas : 
available on request. S 


LOWERS “IN PLACE FASTENING COST". The ] 

i GAT fasteners have completely revolutionized 

the slow conventional methods of fastening from FAST E N E R P R Oo D U CT S D I V . 
lathing channel, fluorescent fixtures, conduit, tub- 


| ing, etc. These ingenious clamps do in seconds 
i what takes minutes with other methods. l 


Erico bao Stealer Inc. 


2070 E. Gist Place Cleveland 3, Ohio 


feat 2) + + 
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NOW! Fuses that... 


Safely interrupt fault currents up to 
200,000 amperes... 


Limit fault current to very low values 
Hold 500% load for minimum of ten seconds 


26 


Buss Low Peak fuses can completely 
revolutionize the protection of the 
entire electrical system. 


Protect Mains, Feeders, Branch Circuits, 
Motors, Controllers, Switches—no matter 
whether the fault current is 1,000 amperes, 
25,000, 100,000—or as high as 200,000 amperes. 


Reduce stresses and prevent damage to 
Panel-boards, Switches, Motor Controllers— 
other circuit components—because let-thru 
fault currents are limited to exceptionally 
low values. 


Prevent work stoppages, lights out, waste 
of time and money—because long time-lag 
keeps them from opening needlessly on motor 
starting currenis or other harmless overloads. 


Permit increasing interrupting capacity 
and current limitation on present system at 
minimum cost. 


Before designing a new 
installation— 
or modernizing old 
installations— 


GET ALL THE FACTS 


Knowledge without action is of 
little value—but ACTION NOW 
may save you money—increase 
operating efficiency and reduce 
electrical hazards to a minimum. 


BUSS LOW-PEAK fuses fit 
standard Switches and Panel- 
boards and are available in N.E.C. 
sizes from 15 to 600 amperes in 
both 250 and 600 volt ranges. 


Write for BUSS LOW-PEAK 
Bulletin Now ... or use coupon. 


Bussmann Mfg. Division 
McGraw-Edison Co. 
St. Louis 7, Mo. 
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Bussmann Mfg. Division, McGraw-Edison Co. 
University at Jefferson, St. Lovis 7, Mo. 
Please send BUSS Low-Peak Fuse Bulletin LPS. 


ELECTRICAL CONSTRUCTION AND MAINTENANCE . . . MAY, 1960 


HI POWER SWITCHING 


POI 


TIME CONTROLS 


...the best for every 


liming need! 


L 
% 
B 
SNAP OUT MECHANISM 


RAPID REF BRAN CE CeART 


OPERATION|SWITCH | VOLTAGE | AMPS.|  INTERMATIC QUALITY FEATURE 
1to 12 SPST 
on-off OPST 125/250 volts Standard ON-OFF switch. 

_ per day SPDT 


1 to 12 Sesto Same as above, plus skips opera- 
on-off DPST 125/250 volts tion on selected days, 
per day SPDT automatically. 
|i te 120n-off f SPST | joe;o — Each on-off period independently 
day =| SPDT 125/250 volts adjustable from 5 to 60 minutes. 


SPST Each on-off period in 15 minute 
SPDT 125/250 volts units. Trippers permanently 
attached to dial. 


__..bet day. 
1 to 12 


on-off Timings from 10 seconds to 
© 8300 per 12 SPST 125 volts 11 minute, 50 second periods. 
minutes 


Se Ito 12 “SPST. 5 Heavy duty standard ON-OFF switch 
T 500-R on-off DPST 125/250 volts Up to 27,500 watts. Also available 
per day : ‘ with “SKIPPER” feature. 


1 on -off ee : ~ Flush wall mounted standard 
operation 125 volts ON-OFF switch to central circuits 
in house or store. (LAMP eLYTER 


THERE'S AN Qutcrmat |) NEW! LAMP -LYTER 
at ; the light switch with an electric brain! 
FOR EVERY NEED! 8 


Residential and Commercial Lighting Control ® Air Conditioning 

Heating ® Industrial Uses © Farm and Poultry Lighting ® Signs 

Signal Bells, Buzzers, and Lights ® Outdoor Installations 
Flush Mountings 


Write for Bulletin 50-B 


flush mounts, controls : 
post lights, store 
lights, signs, other 
selected circuits. 


INTERNATIONAL REGISTER COMPANY 


CHICAGO: 2624 West Washington Blvd. +* NEW York: 41-14 24th .St., Long Island City 
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Here’s why 
large East Coast utility chooses KRALASTIC conduit 


KRALASTIC’s unusual toughness protects against accidental 
damage from linemen as well as storms and other causes. 
And, of course, KRALASTIC can’t rust, rot, or corrode, with- 
stands weather at its worst. 


Ease of use Unlike the wood moldings and rigid type of 

conduit normally used, KRALASTIC conduit can be flexed to 

follow irregularities of pole or mounted equipment, saving 
| many needless breaks or fittings. It is simply and quickly cut 
| to length with a hacksaw, securely stapled in place. And 
conduit of KRALASTIC is easy to handle because it's lighter 
~ than aluminum. 
Protection KRALASTIC is an excellent electrical insulator. 
It is extremely tough, even in thin-wall sections, in this 
case allowing reduction. in conduit diameter from the pre- 
viously used 2''to I’’. It not only requires less material, but 
is less bulky and easier for linemen to climb around. 


RUBBER 


Economy Because extruded KRALASTIC conduit is relatively 
inexpensive, unusually easy to work with, and extremely 
durable, it provides important savings in all areas. 

What's your line? If it involves piping or conduit, it might 
well call for KRALASTIC...the original ABS plastic that has 
proved its superiorities in nearly 10,000 miles of piping 
installations, in other products from baby combs to foot- 
ball helmets. Better look into KRALASTIC now. 


United States Rubber 


Naugatuck Chemical Division 


534K ELM STREET 


NAUGATUCK, CONNECTICUT 


KRALASTIC RUBBER-RESINS @© MARVINOL VINYLS ® VIBRIN POLYESTERS 
: Akron - Boston - Chicago - Gastonia - Los Angeles - Memphis - NewYork - Phila. - CANADA: Naugatuck Chemicals - Elmira, Ont. - Cable: Rubexport, N.Y. 
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AVAILABLE IN STOCK AT YOUR DISTRIBUTORS 


ime 
! atl 
\ aac 


Something special 
in lighting 


THE CLASSIC 


fixture adaptable for 
ual or continuous mounting. 
Adaptable to almost any com- 
mercial lighting application, 
this simplified quality unit of- 
fers easy wiring and universal 
adaptability. 


Today’s most popular and most 
imitated commercial light- 
ing fixture. Available with 
Benjamin’s own 45° plastic 
louver or the exclusive new 
L-120 lens. Features a new 
“stocking pack; making every 


1 <a 


Finest in classroom and 
general commercial lighting 


THE VERSATILE 


Simplified butt mounting fea- 
ture, permits continuous row 
installation, assures perfect 
alignment. For utmost value, 
Versateer cannot be equalled. 


Benjamin-designed to give you 
more features and lighting qual- 
ities than any similar unit avail- 
able today. 35° x 25° shielding 
in two or four lamp design. 


For those 
tough-to-light corridors 


the Benjamin 


| a 


For cheerful 


completely glareless light 
the Benjamin 


2 
SWIVEL STEM SUSPENSION 


Single-lamp plastic enclosed fluorescent fixture, designed to 


Ww 


This is the perfect compan- 
ion for all the fixtures shown 
above—the new unit-packed 
stem Suspension. Boasts a 
modern sliding clamp 
hanger and an exclusive 
built-in leveling device; this 
i$” stem suspension is 
packed two te a carton, com- 
plete with ail parts and 
components, 
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1 provide low-cost, glare-free illumination for aisles, stairways, 
washrooms, waiting rooms, book stacks, other similar locations. 
A dependable quality unit with complete lamp shielding, easily 
cleaned and maintained. 

Unit-packed simplicity combined with streamlined styling and 

2 high lighting efficiency are outstanding features of this popular 
plastic enclosed fluorescent fixture. A two-lamp unit, it affords 
economical, glareless lighting for stores, offices, other commercial 
applications. Polystyrene plastic cover snaps into channel for rigid, 
trouble-free installation. 


. MAY, 1960 


Now your four most- 
wanted fixtures are 
just a phone call away! 


/ 


OWL 0 
/ 


@ 
Litas paveaw = / makes these fixtures 


Mitetiae Vi available now from his stock 


Now—your Benjamin distributor can tures now -you'll find them ideal for 
deliver these four most popular com- remodeling or modernization, as well 
mercial lighting fixtures...right when as new construction. Notice that each 
you need them! Because these four gives you complete flexibility—can be 
Benjamin units lead the field in popu- _ installed singly or in continuous lines; 
lar appeal, he maintains a constant suspended or surface mounted. 
stock...to fill your orders as you. They’re only a phone call away... 
place them. Check these favorite fix- dial your Benjamin distributor now! 


OCS i Ps 
4 GIVEAWAY e 


LITERATURE = . - . 
COMPLETE 4 you with free quantities of this 6-page 


WITH ALL THE FACTS : Benjamin folder. Shows, describes all 
AND FEATURES H four fixtures—features a short cut light- 
i 


Your Benjamin distributor will provide 


INCLUDES SIMPLIFIED ing estimator for any lighting job. Get 


X 
\ LIGHTING ESTIMATOR Fd it...let it sell for you! 


% é 
nd Prod 
et oe 


‘BBenjans 


DIVISION Des Plaines, | 


MEE 


a THOMAS INDUSTRIES INC. 
BENJAMIN + MOE LIGHT + STAR LIGHT + ENCHANTE » SAN MARINO 


ELECTRICAL CONSTRUCTION AND MAINTENANCE .. . MAY, 1960 31 


0.Z. ELECTRICAL MANUFACTURING CO. 


Sales Office and Warehouse 262 BOND STREET, BROOKLYN 17, N. Y. Office and Factory 
406 So. Cicero Avenue 5 5 aces wane 749 Bryant Street 
Chicago 44, Illinois Representatives in all Principal Cities San Francisco 7, Calif, 

ESterbrook 9-0326 GArfield 1-7846 


CABLE SUPPORTS 
CONDUIT TYPE 


CABLE SUPPORTS 
SPLIT TYPE 


SPLIT 
COUPLINGS 


EXPANSION 
FITTINGS 


EXPLOSION-PROOF 
TYPE 


INSULATED 
BUSHINGS 


BAKELITE 
BUSHINGS 


WEATHERTIGHT 
SUBMERSIBLE TYPE 


RG 


CaS 


KS 


Ay 

SW 

ESS 
ESS 


d oon 
PED 


TERMINATING 
POTHEADS 


SEALING 
BUSHINGS 


SPLICING 
FITTINGS 


COMBINATION 
TWO-WAY 
CONNECTORS 


COMBINATION 
TEE AND 
PARALLEL CONNECTORS 


COMBINATION 
LUGS 


SERVICE 
TAP 


T-CONNECTORS, TUBE BUS BAR CABLE TO PIPE OR ROD CABLE TO 
TO MULTIPLE CABLE TYPE CLAMPS 90° OR PARALLEL FLAT BAR 


They're 0. K. if They're 0. 2. 
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NOW... 

REMOTE CONTROL 

FOR WESTINGHOUSE 

TYPES E, EH AND F BREAKERS 


This magnetically operated unit turns your types E, EH and F breakers into a 
remotely controlled switch for—service entry panels—control panels—billboard, 
railroad yard, parking lot and industrial lighting systems. Use it as a remote switch 
for battery chargers—engine generators—you can think of a score of other uses. 

O This new Westinghouse Electric Operator is the same size and fits the same space 
as the breaker it controls. Its action is strong and positive, with the advantage of 
manual control when desired. In fact, this new electric operator does the same job 
for the smaller breakers that a motor operator does on the larger type breakers. 
What’s more, the cost is much less. Electric operator works on 120, 240, 480 or 600 
volts a-c; 125 volts d-c. 

O There’s a 4-page, 2-color illustrated brochure available describing more about 
the Westinghouse Electric Operator. For your copy write: Westinghouse Electric 


Corporation, Standard ‘Control Division, Beaver, Pa. J-90816 


you CAN BE SURE...1F ITS \ \ esti ngh Ouse 


AB OE-IGH CIRCUIT BREAKER 
ELECTRICAL OPERATOR 
ME 37OB706GO1 
£3 POLE 


FOR US TYPE: 
CURA », BREAKER 
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Revere Outdoor Lighting makes driving and parking safe and easy Kenneth C. Miller; Consulting Mechanical Electrical Engineers: 
at Eastpoint Shopping Center, Baltimore, Md. The well lighted Whitman, Requardt & Associates; Electrical Contractor: Harry A. 


parking lot makes the shopping center look more inviting. Architect: Goldberg Co.; 


Electric Wholesaler: Graybar Electric Co., Inc. 


Revere’s complete line of matched equipment 
makes any outdoor lighting job easier 


Any outdoor lighting problem is easier to solve with Revere 
equipment. The wide line, from one source, lets you select the 
exact combination of fixtures required to do the job best... 
simplifies ordering and assures on-schedule delivery, too. 


At Eastpoint Shopping Center (above), Revere Endoval 
Mercury Luminaires, mounted on Revere hinged poles, illuminate 
driving lanes. Parking area lighting is provided by Revere 
floodlights with 400-watt EH-1 mercury lamps. Floodlights are 
mounted two or three to a Revere hinged pole, with pole spacing 
150 ft. Ballasts are in manholes between poles. Average 
maintained footcandles 1.1. 


Installation of equipment at Eastpoint was easier because 
Revere components are matched for strength, balance, and per- 
fect fit .. . and for peak lighting efficiency. Write for a Revere 
outdoor lighting equipment catalog. The complete, matched line 
makes solving any outdoor lighting problem easier. 


Revere components used 
to light shopping center 


No, 2222 Endoval 
Mercury Luminaires 


Lave 1 No. 3351 Floodlights 


No. 217-P Brackets 


= 


No, 199-J Brackets 


No. 800 Series 
(mast arm not shown) 
and No, 199-D-30 
Hinged Poles 


/ 


OUTDOOR LIGHTING 


> Revere Electric Mfg. Co. © 7420 Lehigh Avenue ¢ 
Long Distance Phone: Niles 7-6060 e Chicago Phone: SPring 4-1200 © Telegrams: WUX Niles 
In Canada; Curtis Lighting, Ltd., Leaside, Toronto, Ontario 


Chicago 48, IHinois (In suburban Niles) 
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‘ontractors know most people prefer the protection circuit 
‘eakers provide for wiring. The majority of new homes 
“bing built have breaker panels. 

' Contractors also know most people prefer to make such 
fotection convenient. New home plans should put the 
| heakers in or near the kitchen where they belong. Fre- 

‘uently, however, people try to hide their breaker panel 

bheause of its appearance. When you hide anything, you 
live to hunt it when you need it...and that’s not the 
‘ay to get convenience. 

Cutler-Hammer has done something about this in 

‘signing the new Cutler-Hammer Safetybreaker! It’s 

apliance-styled to match the finest kitchen equipment. 

4s muted sandalwood finish is just what women prefer. 

‘bis new Safetybreaker is truly the modern “housepower”’ 

Jotection you are proud to make convenient. 
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“-I"Because of the many uses of electricity in the 
kitchen requiring individual-equipment circuits, it is 
recommended that the electric service equipment 
be located near or on a kitchen wall to minimize 

tnstallation and wiring costs.” 


AMERICAN STANDARD REQUIREMENTS 
FOR RESIDENTIAL WIRING 

ASA C91,1—1958; UDC 621.315.3:728; 

AIA File No. 31-C-61 


| The modern ‘“‘housepower”’ protection 
"Ou are proud to make convenient... 


See the excerpt above from American Standard Requtre- 
ments For Residential Wiring sponsored by the ‘‘Industry 
Committee on Interior Wiring Design’ with the approval 
of its participating organizations. 


American Home Lighting Institute 

American Institute of Electrical Engineers 
American Society of Agricultural Engineers 
Edison Electric Institute 

Illuminating Engineering Society 

International Association of Electrical Inspectors 
National Association of Electrical Distributors 
National Association of Home Builders 

National Electrical Contractors Association 
National Electrical Manufacturers Association 
Radio, Electronics and Television Manufacturers Association 
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Easiest to install 


Three point keyhole mounting assures perfect case 
alignment. 


Plenty of wiring room.. 
knuckles. 

Box type lugs on all terminals end wire pretzel bending. 
Power terminals accept both copper and aluminum 
cable... no extra cost. 


No chance for error, bus design assures proper phase 
balancing. 


. no wire guides to skin your 


. a C-H Safetybreaker saves you time and effort on every job.} 
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CUTLER-HAMMER [| 


Solid bus bars eliminate troublesome current-carrying § 
joints. 
Sure-grip Safetybreakers snap into position . . . yours 
screwdriver never need touch the hot side of the line} 
Front adjusting leveling device provides a firm non 
vibrating base for the bus mechanism. 
Twist-out louvers always maintain a neat appearanil 

. no thin dividers to complicate blank removal oF 
cover-to-breaker alignment. 


The new Cutler- Hammer Safetybreaker 
Is as new in its features as in its 
appearance. Comparison proves 

its superiority. See it now! 


New electronically calibrated, fast-trip Contrasting handle flags the overloaded 
magnetic-thermal Safetybreakers... circuit. No in-between trip point. A C-H 
provides positive circuit protection from Safetybreaker is either on or off . . . just 
direct shorts and build-up overloads. like a light switch. 


: utier- Hammer Safetybreakers offer 
non-interchangeability provision 


The all new Safetybreaker is your 
best buy for every job... yes, even 
those that call for non-interchange- 
able circuit breakers. The non- 
interchangeability feature of the 
C-H Safetybreaker is an integral 
part of its all-new design. . . not 
a mere design modification. There 
are no extra parts or adapters to 
be added each time a breaker is 
installed . . . no mounting pins or 
tabs to be removed . . . no chance 
for errors—you can’t make a mis- 
take ...no additional expense to 
you during installation. 


install the new Cutler- Hammer Safetybreak 


Now available in every needed size and type of 
service entrance and load center; Cutler-Hammer — 
Safetybreakers range in size from 2 to 42 cir- 
cuits; 40 to 200 ampere capacity; series, parallel, 
and split-bus construction; single phase 3 wire — 
and three phase 4 wire. } 


Write today for the new ‘'Safety- 
breaker Selection Guide". You'll find 
it most interesting and informative. 
Ask for Publication ED125-J241. 
Cutler-Hammer inc., Milwaukee 1, 
Wisconsin 


CUTLER-HAMME 


Cutler-Hammer Inc., Milwaukee, Wis. © Division: Airborne Instruments Laboratory. © Subsidiary: Cutler-Hammer International, C. A 
Associates: Canadian Cutler-Hammer, Ltd.; Cutler-Hammer Mexicana, S. A.; Intercontinental Electronics Corporation. | 
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“Concealed telephone 
wiring doesn’t have 
to be sold. It has 
already sold itself.” 


—says Paul F. Starck, 
Math Starck & Sons, Inc., 
Milwaukee, Wis. 


Math Starck & Sons, Inc., was one of the 
first builders in Milwaukee to offer home 
buyers concealed telephone wiring. The 
firm has built about 150 custom homes 
since 1946—and, since 1955, nearly all 
of them have featured this modern 
convenience. 


“This is a family business,” says Paul 
Starck, field and office superintendent of 
the firm, “and my dad, two brothers, a 
brother-in-law and I are all sold on con- 
cealed wiring. It helps show people our 
homes are quality-built. They appreciate 
having built-in outlets for future tele- 
phones—and the fact that wiring is 
neatly hidden inside the walls. 


# 


Builder Paul Starck and telephone company man Jack Adams discuss 
an outlet location for a wall phone in a home that’s partially completed. 


“Tt’s definitely a good investment for 

oe us. We figure it costs us less than one- 

tenth of one per cent of the cost of a 

Your local Telephone Business Office will gladly help J house to offer it—and it really pays off 

you with telephone planning for your homes. For de- y in sales appeal, really helps us sell our 

tails on home telephone installations, see Sweet's Light ames 

Construction File, 11¢/ Be, For commercial installations, f 

Sweet’s Architectural File, 34a/Be. y “Concealed telephone wiring doesn’t 

have to be sold. It has already sold itself.” 


BELL TELEPHONE SYSTEM 


INTRODUCING NEW 


The safest, 


fastest-to-install 


plug-in 


duct ever 


Now BullDog, the originators of Bus Duct systems, gives y 
new safety for plant personnel plus new installation speed a 
economy with new XL BUStribution duct! Completely Bu 
covered aluminum bus bars give true dead-front constructic 
Crews can now install more duct in a day than ever befo 
Superior engineering provides low voltage drop . . . down 
half that of other plug-in duct systems . . . plus unexcell 


c e S i g n e a t short circuit rating. BullDog gives you completely engineer 


FAST INSTALLATION 


Keyed bus ends align themselves positively, 
instantly, without fumbling or wasted time. 
You can position sections as fast as you can 
handle them! 


fittings. You can get everything you need from a single sou 
—your local BullDog distributor. Call him—he’ll give you 
demonstration of all the XL safety and installation features. 


EASY INSTALLATION ECONOMICAL INSTALLATION 

This one integral bolt locks POSITIVELY ... You need only half as many hangers as usual. 
holds keyed bus ends under a ton of pressure. Ten-foot supporting spans cut number of hangers 
The fully imsulated bolt spims tight fast. and the time needed to install them by 50% - 
Joints stay locked! 


BUStribution® 


Pa ti, 
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The new XL SAFETY-PLUG is faster, 
safer to use than any other plug! 


XL Safety-Plug has new, simplified design. You can plug-in on XL duct in seconds. It has 
safety features not found on any other plug. Plugs are available which prevent installation 
or removal when plug handle is in the ‘“‘on’”’ position. You can plug in from either side of 
the duct, in all duct sizes from 225 through 1000 amps. You can use all plug-in openings 
at the same time, if desired. 


When you see your BullDog distributor about XL duct, examine the Safety-Plug he has on 
display, too. Here’s an electrical team you can depend on to do the job better in every way! 


BULLDOG ELECTRIC PRODUCTS DIVISION 


I-T-E CIRCUIT BREAKER COMPANY 
BOX 177 ¢ DETROIT 32, MICHIGAN 


® 
In Canada: 80 Clayson Rd., Toronto 15, Ont. Export Division: 13 East 40th St., New York 16, N.Y. 


EQUIPMENT SAFETY 

SAFETY PLUGS cannot be installed or re- 
moved when in the “‘on”’ position . . . exclusive 
design positively protects against arcing, safe- 
guards equipment. 


_DEAD-FRONT SAFETY 


Each bus bar has full-length Butyl insulation, even 
‘in bus plug openings. XL BUStribution Duct is the 
world’s safest duct to plug into, to work around. 


PERSONNEL SAFETY 


Safety door covers the opening . . . slides back 
when safety interlock finger is in position. 
Plug cannot be removed or installed when 
safety door is open. 


Another new development using 


Ch e mic al raw materials 


B.EGoodric 
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B.EGoodrich 
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Submersible pump mo- 
tors are manufactured 
by Westinghouse Electric 
Corporation, Sunnyvale, 
California, using water- 
proof wire insulation 
made of Geon by Sequoia 
Wire & Cable Company, 
Redwood City, California. 
B.F. Goodrich Chemical 
Company supplies the 
Geon vinyl. 


Problem of 
motor 
submersion 
solved with 
Geon insulation 


This new motor operates under water 


using the water itself as a lubricant. Since 
the housing is water filled and “‘breathes’’ — 
well water, its operation depends on the 
insulation of Geon. 

Geon met tough requirements. The 
manufacturer says that many materials 
were tested to find one that would stay 
waterproof indefinitely and also have — 
enough mechanical strength to stand up 
under the winding process and under 
flexing imposed in starting. 

A test motor was submerged under 400 
feet of head for six months and subjected 
to frequent starting and operation. At 
the end of the test, the Geon insulation 
showed no signs of deterioration. Geon 
also eliminates need for thick and dense 
coatings over end turns—eliminating a 
cause of trapped heat and premature 
failure. 

Here’s another example of the way that 
Geon vinyls open new markets, or improve 
present applications. For more informa- 
tion, write Dept. GY-3, B.F.Goodrich 


Chemical Company, 3135 Euclid Avenue, © 


Cleveland 15, Ohio. Cable address: Good- 
chemco. In Canada: Kitchener, Ontario. 
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B.F.Goodrich Chemical Company 
a division of The B.F.Goodrich Company 


GEON vinyls » HYCAR rubber and latex + GOOD-RITE chemicals and plasticizers 
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We Haoked it Up and Walked Away” 


In the electrical signaling and communication industry this expression, 
coming from an electrical contractor, is the highest recommendation he 
can give of a manufacturer’s equipment. It means “Well done! Your 
system installed easily and worked properly the first time. No rejects... 
no grounds or shorts... no trouble shooting, with all that means in run- 
ning up the cost of a job. It worked like a charm!” 


We’re accustomed to hearing this expression quite frequently at Auth. 

Our equipment has always been designed to make installation easy. We 

give the contractor what he needs... wiring diagrams, equipment draw- 

ings, installation and operating instructions. All material is thoroughly tested 
before shipment. 


Auth We... at Auth. .. do this not only because it comes naturally. We do it because 
every time a contractor says to us “We hooked it up and walked away,” we 


know that he’ll be coming back to us on the next job. That’s good will, 


SINCE 1892 


Manufacturers of Sold in cooperation with the distributor 


ELECTRICAL SIGNALING, 


TIME AND COMMUNICATION 

syeteus, For HOsPiaLe Auth Electric Company, Inc. 
SCHOOLS, HOUSING, 

INDUSTRY AND SHIPS LOONGG OLS GsAGNED: 2C: TY. <1, N- Esw. <¥i 0 -R-K 
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/f you just figure 

the cost of lamps 
you only know about 
1/10th of the story! 


What about 
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| Lighting an 


ME : -where the money really goes 
—— ‘how you can really cut expenses 


' Cost of Lighting (TCL), 


ae) 


alysis can show 


| | 
| HOW TO FIGURE YOUR TOTAL COST OF LIGHTING (TCL) | 
| (Calculations shown here are based on the average 7500-hour operating life of a standard | 
| Sylvania 40 CW lamp which requires 46 watts of power including ballast.) | 
| National average Put your | 
| per lamp costs here | 
| 1. Net cost per lamp (at average discount of 35%) $ 81 | 
| 2. Power cost per lamp based on average indus- ! 
trial rate of 1.5¢ KWH (watts « 7500 hours + 
1000 = KWH) 5.18 
| 3. Maintenance cost per lamp (one cleaning plus 
| one replacement figured at average industry | 
te of $3.00 per hour) 2.00 
| - —_—= 
| Total Cost of Lighting (TCL) per lamp 7.99 | 
Sylvania is so sure savings will | TCL for 100-lamp installation $799.00 | 
result from figuring this way, (Note: If you use 100 Sylvania lamps, figure 
we'll even send our representative the 8% extra lighting value of 8 lamps over 
to show you how (or you can 100 ordinary lamps.*) x .08 
do it here — now!) Saving through extra Sylvania lighting value” ¢ 63 99 | 
With cost of lamps amounting to *These are the extra dollars you would have to spend per 100 ordinary lamps to get the equal 
only about 10% of your Total ! lumen hours of light you get from Sylvania. ! 


Ys em a a a a a a a a a a 
should Sylvania be so interested 
in this new over-all way of figuring? Two good reasons: He can also show you how and why, for every penny you 


‘ spend for lamps, 2 ai d 
First, because TCL best demonstrates the over-all supe- P ps, power and maintenance, you get more 


riority of Sylvania fluorescents. 


Second, because we believe that just in figuring TCL you’ll 
discover a number of new opportunities for shaving costs. 
And that’s one of the things we like to help you do. 


What is your TCL? Cost of lamps plus power plus main- 
tenance pad cost of fixtures, too, if you’re remodeling. 


Our representative can help 
figure special conditions in 
your plant. With his Ana- 
lyzer Kit, he can do it in 
minutes, give you a com- 
plete lighting analysis free. 


ae x 


Sasi LIRA ZER 


WITH TCL ANALYZER, a Sylvania rep- 
resentative can figure in minutes 
how the special conditions in your 
plant affect Total Cost of Lighting. 


value with Sylvania. 


And he’ll show how Sylvania backs its claims to lowest 
TCL with an exclusive Light Insurance Policy. Guaran- 
tees Sylvania fluorescents will perform better in your own 


opinion than the brand you are now using—or —~——— 
a ad | 


BYLVANIA/ 


your money back! 


Call your Sylvania representative. Or write us: Sylvania 
Lighting Products, a Division of Sylvania Electric 
Products Inc., Dept. 15, 60 Boston St., Salem, Mass. In 
Canada: Sylvania Electric (Canada), Ltd., Box 2190, 
Station “O,” Montreal 9. 


EXCLUSIVE SYLVANIA LIGHT INSURANCE POLICY is your guar- 
antee of lowest TCL—or your money back! 


Subsidiary of GENERAL TELEPHONE & ELECTRONICS 


MAY, 1960 
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IT’S WHAT’S 
OUT BACK 
THAT COUNTS 


ae 


The learned buyer of | 
motor control. centers 


The circuit breakers hardly show on a modern motor control center. But they do the 
work. Get good circuit breakers and you get good protection , . . extra insurance of 
continuous electric power . . . lowest net cost, Get poor breakers and you invite 
trouble. What make can you buy most confidently? Motor control center builders 
preter I-T-E over all other makes. Better value. Yet costs no more. 


Write for the new bulletin on I-T-E molded case circuit breakers. I-T-E Circuit 
Breaker Company, Dept. SA, 1900 Hamilton Street, Philadelphia 30, Pa, 


(f}) I-T-E CIRCUIT BREAKER COMPANY 
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| Clean, Quiet. Vent pipe sucks in outside air, pressure-cools “Check-Out” Time. Every Ilg-built propeller fan wheel must 
inently lubricated Ilg-built motors—designed to provide op- pass rigid dynamic balancing “checks” before being direct- 
ig cost advantages of open-type motors plus the protection of connected to Ilg-built self-cooled, 3-phase or permanent split- 
) enclosed types. capacitor, single-phase motor. 


Bee looking at the new Ilg Type PF square panel propeller fans. 
ie the sturdily constructed 14-gauge steel mounting panel; the 
throated streamlined orifice that increases fan efficiency; the 
ce of fan wheels—airfoil design blades (either five or nine) 
operating against higher static pressures, and Ilg’s patented Type 
blades for super-quiet operation on ordinary requirements. 
hoice of hice ee 36. 42- and 48-inch fan wheels. All fans ILG ELECTRIC VENTILATING COMPANY 
ture Ilg self-cooled motors, direct-connected, permanently lubri- 2879 No. Pulaski Road, Chicago 41, Ill. 


id. And all bear the Ilg “One-Name-Plate” pledge of perform- Offices in 59 Principal Cities 
b, Write for Bulletin DB1-106. Member of Air Moving and Conditioning Association Inc. (AMCA) 


WORLD'S FIRST 12-FOOT FIXTUR 


Here’s proof of installation 


Others talk about installation savings. Garcy guarantees them! 


Our new 12-ft. fixture makes it possible. On 9 out of 10 sizable jobs we can actually 
offer a signed guarantee that, from the time ceiling hickeys are in place, total 
assembly and hanging time will not exceed 14% man-hours per 24 ft. of fixture. If 
this time is exceeded on a job covered by our signed guarantee, excess time may 
be billed to us. 


The guarantee figure is less than half of ordinary labor estimates for fixture 
installation. Even at that the chances are it will be halved again on the actual job. 
And this is top quality lighting. Efficient, well-shielded, low-brightness lighting that 
meets today’s higher lighting standards for schools and offices. 


Runs of any length joined and wired at work level. Runs of any length raised to the ceiling as a singlet 
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IARCY SUPER SPEED-LINE 


@ 45°x45° SHIELDING 
@ ONE-PIECE SHIELD 
e FEWER HANGERS NEEDED 


(ONLY 3 PER 24 FT. ROW) 


new and 


An 


unique man-hour guarantee 


VAN PL ESL 


Here’s why Super Speed-Line savings can be guaranteed. 


1. 12-foot fixtures mean less handling, fewer couplings, fewer splices. Only two 
fixtures per row in a typical classroom. 


2. Stem spacing up to 12-ft. O.C. means fewer hangers, fewer supports. Only 
three stems for runs to 28 feet. 


3. Work-level assembly means complete runs are joined before, not after, raising 
to the ceiling. 


4. Unit-hanging means complete runs are raised to the ceiling as a single unit. 
There’s an absolute minimum of ladder time. 


PI ISSEY UV VUE UV SV VV IU NY 


O GET A SUPER SPEED-LINE GUARANTEE 
vertisementis an offer to furnish a guarantee Division of Garden City Plating & Mfg. Co. 
r time on jobs meeting certain reasonable 2475 Elston Avenue, Chicago 47, Ill. 

ons; it is not a guarantee in itself. The actual 


irantee is a document rendered on an individual , I 
lbasis, signed by an officer of Garcy Lighting and Please send details on the Super Speed-Line system and a I 
tersigned by the electrical contractor. facsimile copy of the Garcy Guarantee. | 
Oday for a facsimile copy of the guarantee and Name Title i 
plete details on the Super Speed-Line system. | 
‘the coupon for a prompt reply. Company : i ies 
j Street Address 3ia8 & x. 
City : Zone_ State | 

i 
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“G-E Remote-Control Wiring has saved money since the day it went into this building in 1953,” 
says Mr, Donnelly, standing in front of 3-story, block-long office building, Menands, N. Y. 


“G-E Remote-Control Wiring saved us $20,561 in 
this N. Y. Telephone building - on installation alone! 


-.. Mr. H. J. Donnelly, Supervising 
Electrical Engineer New York 
Telephone Company, Albany, N.Y. 


“We compared General Electric 
Remote-Control with an ordinary 
switching system that would give 
us the kind of lighting control we 
wanted,” says Mr. Donnelly.‘‘We 
were surprised to find that, in addi- 
tion to its other advantages, the 
G-E low-voltage system cost $20,561 
less to install! 

“On top of the initial savings, we 
reduced our operating costs, because 
G-E master switching makes it easy 
for maintenance crews to turn ON 
only those lights needed, rather than 
lighting up whole floors. Switches 
at convenient locations save our men 
extra steps, too. 

“These savings were all in addi- 
tion to the original reason we con- 


sidered Remote-Control. That was 
extra safety in controlling the 
480Y/277-volt power system we 
chose for its saving in branch cir- 
cuit copper. Remote-Control relays 
in the ceiling control the 277-volt 
lighting circuits, so there’s only a 
low, 24 volts at the switches. Of 
course, the lightweight, 24-volt 
switch wiring makes it easier to 
relocate office partitions, too. And 
the elimination of switch-loop volt- 
age drops that can cut the life and 
efficiency of lamps, is still another 
feature.” 

General Electric would appreciate 
the opportunity of working with you 
on the design of a Remote-Control 
Wiring System tailored to fit your 
particular needs. Write Commercial 
Engineer, General Electric Com- 
pany, Wiring Device Department, 
Providenee 7, Rhode Island. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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‘“Douse the lights you don’t need!” 
standard procedure for maintenané 
crew, in building from 5:00 to 11:@ 
p.m. G-E Remote-Control makes it eas’ 


G-E master selector switches at e 
and center of each floor control lighti> 
separately for each % floor. Buildi 
contains 2000 fluorescent lamps. 


Gibson Fixtures Give You 
More Than Good Lighting... 
Much More! 


Write for complete descriptive literature 


CBIBsMe 


SIBSON MANUFACTURING COMPANY 
4 Piedmont Circle, N. E., Atlanta 9, Georgia 


(ARCHITECT, MASTIN & SUMMER; ELECTRICAL ENGINEERS AND CONTRACTORS, CLEVELAND ELECTRIC COMPANY; GENERAL CONTRACTOR, IRA H. HARDIN COMPANY 


SIBSON “PLUG-IN” FIXTURES SIMPLIFY MAINTENANCE FOR AMERICAN ART METALS 


American Art Metals Company, Atlanta, uses Gibson fix- 
tures with Power Groove lamps throughout its new plant. 
“We particularly like the ease of maintaining these fixtures,” 
says E. L. McNiff, general works manager. ‘‘When a conven- 
tional fixture needs servicing, an electrician may spend half 
an hour or more up on a ladder to do the job. This distracts 
production workers. But when one of our Gibson fixtures 
needs attention, it is simply unplugged and another ‘plugged- 
in’ in its place—in the time it takes a man to climb a ladder.”’ 

The exclusive ‘“‘plug-in” feature of Gibson fixtures also 
offers substantial savings in installation costs and allows for 
re-spacing of fixtures and increasing lighting intensities any 
time without re-wiring. 


Makers of 
THE FIXTURES 


THAT JUST 
“PLUG-IN” 


PAT. PENDING 


ae COMMERCIAL, TROFFERS, INDUSTRIAL 
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Mr. Lester C. Breitzman, Assistant Fire Marshal, 
Bureau of Fire Prevention, Evanston, Illinois, says: 


“This automatic fi) 
meets every requireme! 


Assistant Fire Marshal Breitzman at the central fire alarm panel, located jus” 
the main entrance. A fire in any of the three Washington National Buildir 
sound an alarm here, and cause a light to flash, indicating the exact floor and bh 
Firemen can thus pinpoint the trouble-spot immediately. 
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.etection and alarm system 
our safety code.” 


WASHINGTON NATIONAL INSURANCE 
BUILDING, EVANSTON, ILLINOIS 


Architect-Engineer: Graham Anderson, 
Probst and White, Chicago 
General Contractor: A. L. Jackson 
Company, Chicago 
Electrical Contractor: 
Hyre Electric, Chicago 
Mechanical Contractor: 
Carrier Corp., Chicago 


: ye eunance @ GO 
WASRINGTON, SALIONAR, <= RES eran 
ASE enna Comme 2 a 


ie Washington National Insurance Building is protected 
fa Honeywell system that detects fire and sounds 


# alarm in the building and at the Fire Department. 


4 lh is type of fire protection system is ideal for an 
lurance company,”’ says Chief Breitzman. ““Detec- 
slocated throughout the building will automatically 

ect a fire and ring alarms in the building and at 

\ fire station. And it provides continuous protection. 

2 552 detectors installed here function as 552 


+ chmen, on 24-hour duty.” 


Pohief Breitzman was consulted during the location 
lhe automatic detectors in the Washington National 
furance Building. The building also has manual 
il stations for double protection. Either will sound 
alarm and indicate the location of the fire on a 
Nel in the lobby and at the central control console 
he Chief Engineer’s office. 


The system is so foolproof, it will trip the alarm 
: Ie with a ground or a break in both wires of the 

ecting loop. A standby battery makes sure the 
im will go off even during a power interruption. 
fe components of the system are listed by U.L. and 
ked by fast, efficient Honeywell service. 
oneywell’s complete line of automatic fire detec- 
and alarm systems will meet the most rigid fire 
ty codes. For additional information, call your 


Mr. Clifford Fohr, Second Vice-President of Washington Na- 
, tional, and Marshal Breitzman discuss a fire detector in the main 
irby Honeywell office. Or write Honeywell, Dept. lobby. Breitzman explains that the detector can sense a fire as 


L5- 76, Minneapolis 8, Minnesota. much as 25 feet away. 


Honeywell 
=" i Fouts we Coutiol 


SINCE 1865 
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CUTS 


assembly time. 


“factory-attached, flush coupling L\ noadditionalcost! 


© 


New ORANGEBURG Gf CONDUI 
with Flush Coupling Attached: 


With no separate couplings to handle or attach on the job, 
Orangeburg CA lays faster, costs less to install. Each long, 
light length has a flush coupling attached at one end and a 
standard 2° male taper at the other end, making installation 
a simple, one-step operation. And, since the coupling is 
attached, there are no coupling cartons to warehouse or 
carry to the job. 


What’s more, with the coupling flush to the conduit’s out- 
side wall, new CA is easy to stack, store and handle. The 
flush coupling also eliminates “staggered” joints in the trench. 
And that means real savings in cutting and tooling time. 


Like the hundreds of millions of feet of Orangeburg fibre 


conduit in use since 1893, new CA has self-sealing join 
and impermeable walls. Its smooth, 100% fibre racews 
adds years to cable life. 

New Orangeburg CA is available in 2”, 3”, 3%”, 4”,4 
and 5” sizes. Orangeburg Standard and Nocrete Condui! 
with separate sleeve couplings, are available as alway. 
Write Dept. EC-50 for Catalog 52. 


ORANGEBURG MANUFACTURING CC 
Orangeburg, New Y ork am, 
Division of The Flintkote Company, Manufacturer FLINTKOTE 
of America’s Broadest Line of Building Products 


Orangeburg Fibre Conduit is distributed by Graybar Electric Co. and General Electric Supply Co. with branches and stocks in principal ci 
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* Registered Mark Smithcraft Corporation 


CHELSEA, MASS. 


NOW YOUR CUSTOMERS CAN 


LEASE LIGHTING 
from Smithenalt 


and General Electric Credit Corporation 


Smithcraft LEASE-LIGHT™ is a new nation-wide 
plan by which owners or tenants can lease Smith- 
craft fluorescent lighting equipment for old or 


new buildings. 


© Owners or tenants free their capital 


to earn dividends while enjoying 
the efficiencies of Lease-Light*. 


They rent or time-pay for the entire 
lighting equipment, including in- 
stallation cost, anywhere in the 
United States or Canada. 


They lease for 5 years... deposit 
approximately 5 months rent... 10 
months if installation cost included. 


® Your customers Lease-Light* from 


Smitheraft through you and your 
Distributor. Their payments are 
sent to General Electric Credit Corp. 


Lease-Light* rentals for recom- 
mended lighting levels for stores, 
offices, factories and schools run as 
low as %4¢ per square foot per month. 


Your customers choose from Smith- 
craft’s complete line of fluorescent 
fixtures or light- and sound- 
conditioned ceilings. 


You can generate more jobs in the moderniza- 
tion and re-lighting market, at a higher profit 
to you, with the Smitheraft Lease-Light* Plan. 
For further information, call your distributor 


or write to 


3 CHICAGO, ILL. 


CORPORATION 


5475 N. Northwest Highway 


fii tony by Srithraf Aros fast fend bgtay 
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Available in capacities up to 500 kva at 5 kv 


This packaged unit substation fits in places where others cannot go. In fact, it’s 
‘actually the world’s most compact. 20 in. lower than the old standard, 50 in. 
shorter. Connects from the front. So you can put it against a wall or in a corner. 
Dry-type transformer and a wide choice of primary and secondary devices. Send 
for the complete kit of information. I-T-E Circuit Breaker Company, Dept. TR, 
1900 Hamilton St., Philadelphia 30, Pa. 


: -T-E CIRCUIT BREAKER COMPANY 
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225 footcandlies! 


INSTALLATION DATA 


Low bay—Twin-mounted Abolite HMFAU- 
1800 fixtures with 400 watt color-improved 
mercury lamps. Mounting height 14’, with 
13’ x 12’ spacing. Average footcandle 
level: 225. 


High bay—Abolite HMFAU-2400 fixtures 
with 1000 watt color-improved mercury 
lamps. Mounting height 2414’, with 13’ x 
12’ spacing. Average footcandle level: 180. 

Consulting Engineer: 
Trester Engineering Co. 

Electrical Contractor: 
Bentley-Jost Electric Corp. 


Abolite lifts the lighting level—This company makes intricate 
aluminum permanent mold castings. They wanted a higher level 
of lighting in their foundry to increase worker efficiency. They got 
it using Abolite fixtures in what some lighting engineers call the 
most outstanding mercury lighting installation in the country. 


In the low-bay area, there’s an average footcandle level of 225, yet 
there’s no glare—both vertical and horizontal surfaces are lighted 
evenly without any deep shadows. /The Abolite fixtures give 35° 
shielding to lamp, direct 18% of light upward through open top to 
wash out deep ceiling shadows. 


Most important, this system costs less than a comparable fluores- 
cent system because fewer fixtures are needed. Maintenance costs 
are less, too, because the chimney effect of Abolite’s open-top design 
prevents dirt from collecting on lamp and reflector surfaces. Why not 
try this system with Abolite fixtures on your next job? For full 
information, write Abolite Lighting Division, The Jones Metal 


’ Products Company, West Lafayette, Ohio. 


we 


THE JONES METAL PRODUCTS COMPANY 
West Lafayette, Ohio 


OLITE 
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HAMMERS 
WITH AUTOMATIC 
POWER ROTATION 


New! Revolutionary Skil 


Exclusive 3-way action obsoletes all other electric hammers! 


It’s actually 3 different tools in one: 
Powerful hammer with automatic power 
rotation that drills holes in masonry up to 
65 times faster than by hand... up to 5 
times faster than ordinary hammers... 
without tiresome rotation of star drills. 


Hammer without rotary action for all 
kinds of hammering jobs, including chan- 
neling, routing, chiseling, riveting, demo- 
lition work, setting self-drilling anchors. 

Drill without hammering action for bor- 
ing holes in masonry, wood, metal, or any 


HAMMERS 
WITHOUT 
ROTATION 


material that can be drilled with standard 
electric drills. 


Costs per hole are lowest of any ham- 
mer (see chart). Maintenance costs are 
lowest, too, because of unique “‘electro- 
pneumatic” drive. No springs to break 
... powerful hammering is air actuated. 

Ask your Skil distributor for demon- 
stration of Model 726 (14-1 inch) and 
Model 736 (1-2 inch). Or write for 8-page 
brochure. Skil Corporation, 5033 Elston 
Ave., Chicago 30, Ill. Attention: 

Dept. 130-F 


«ee and SKILSAW POWER TOOLS 


RT ERR ARESE RD EERA CSAS 


DRILLS 
WITHOUT 
HAMMERING 


Roto-Hammer 


LOWEST COST PER HOLE 


Based on 1000 holes (3%%” x 4” deep) in 
masonry—labor at $3.00 per hr. 


SKIL 
NO. 726 HAMMER 


1 Carbide Bit* needed 
19.38 hours of labor 
$80.14 (labor & bit) 

8¢ per hole 


*New SKIL Carbide Bits stay sharp 20 to 30 
times longer than star drills. 


&B MERCURY Now, 100- to 1000-watt mercury lights give twice the light per 


Wired or unwired—get the L-69A prewired, with 4-foot cable, 
or buy it unwired—to cut cost and splicing time. 


, 6-, 8-, or 9-foot lengths—for Hig 


*Registered Trade-mark of General Electric Ce 


Cover slips out easily for simple relamping and maintenance— 
regardless of position of mounting conduit. 


@B FILAMENT A complete line of filament floodlights—from 250 to 1500 watts, includes a model fo 


All angle mounting of L-100 and L-55 series (filament or mercury) 
made possible by threaded mounting stud and locknut. 


onger lamp life than filament. 


Waa) Vs = MODERN BY NIGHT 


Only with General Electric 
floodlights can you choose from 


ALL 3 LIGHT SOURCES 


% to 35% more light—more uniform distribution 7 7 
—with exclusive ‘‘diamond back’ reflector. a fl he ese | HT p 0 r a fl e fl e | S 


More light per unit, better distributed light—For example the optical 
design of General Electric’s Fluoroflood fixture is specifically de- 
signed to deliver maximum light in a uniform pattern, eliminating 
“hot spots” and dim areas. For filament or mercury lighting, G.E.’s 
exclusive “diamond back” reflector—featured on our L-69A, L-55, 
and L-100 units, delivers from 5% to 35% more light—light that 
is usually lost behind the lamp with ordinary fixtures. 


Dutput or Power Groove lamps. 


Fast installation, practically no maintenance—Sturdily designed G-E 
floodlights are fast and simple to mount, aim, connect, and main- 
tain. The external terminal box on the L-69A (mercury or 
filament) makes wiring faster and simpler, insulation life is in- 
creased many times. The Fluoroflood fixture offers easy access to 
wiring and complete flexibility in mounting and aiming. Since the 
reflector can be rotated 360°, you can mount it at any angle, aim 
it in any direction. Installation and maintenance are greatly sim- 
plified since the unit consists of only two end castings with lamp- 
holders and a reflector. 


Availability from many distributors’ stocks—Coast to coast, more 
than 500 electrical distributors are franchised to supply General 
: Electric floodlights from stock or by prompt shipment. Remember, 
60° rotation of reflector permits mounting at any General Electric premium quality floodlights cost no more than 
ingle, aiming in any direction. ordinary floodlights. 

Call in your G-E Distributor today for the complete story— 
or send in the coupon below. 


GENERAL @@ ELECTRIC 


ilmost any application. 


Section C 450-14, General Electric Company, Schenectady, N. Y. 


Please send me free information on the subjects checked below: 


OJ Filament Floodlighting O Fluoroflood Fluorescent Fixture 
O) Mercury Floodlighting OO Floodlighting Application Manual 
Name 
Company 

| Street 


he 5 as a ees Es SC eas ean a Ss eee | 
conomy model—L-55 open floodlight—feature 
aceted one-piece porcelain reflector. 
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Yes, when the power goes off, Exide 
Lightguard® goes on automatically— 
prevents panic, injury and damage. Exide 
Lightguard plugs into any regular out- 
let—has a built-in automatic charger. 
Batteries last for years. You have a choice 
of several models. For full details, write 
Exide Industrial Division, The Electric 
Storage Battery Company, Phila. 20, Pa. 
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No bolts, no screws, no drilling 


with new Permacel Junction Box Mount epoxy adhesiv 


... the fast, easy way to attach junction boxes to any surface. 


PERMACEL 


NEW BRUNSWICK, NEW JERSEY « TAPES e ELECTRICAL INSULATING MATERIALS ¢ ADHESIVES 


BEFORE ‘Operation UPlight” Assembly Products, Inc., of Chesterland, Ohio, had to supplement their general li 
system with additional fixtures to provide sufficient illumination at work levels for their precision manufac 
operations. This combination resulted in extreme brightness variations. 


‘“‘The combination of at least 
300 footcandles along with the 
determination of the most prac- 
tical mounting height (7 6”) 
made the selection of the light- 
ing fixture at Assembly Prod- 
ucts, Inc. an extremely critical 
consideration,’’ 


says Consulting Engineer 
Anton J. Eichmuller 
Cleveland, Ohio 


“However, after seeing the results 
of the installation, we were firmly 
convinced that our choice of Day- 
Brite CF1-30 Power-Groove Indus- 
trials was right. The resulting 
low-brightness and high efficiency 
are evident to all; most importantly 
to the people working in the area 
because it eliminates’ eye fatigue. 


“Of almost equal importance are the 
excellent design and constructior 
features of CFI-30, which were 
attested to by the electrical con; 
tractor (Herbst Electric Co.) whi 
installed the Day-Brite units. These 
features too will pay big dividends 
to the owner for years to come. 


“The excellence of the results, pl 
the fine handling of the order by 
Day-Brite factory and local repre’ 
sentatives, have given us anothe 
outstanding job, fully appreciate 
by Mr. Saint Amour (President 
Assembly Products) and myself 
This is an example of another Day 
Brite installation well received anv 
appreciated.” 


FTER “Operation UPlight” Day-Brite CFI-30 fixtures, equipped with Power-Groove lamps, boosted illumination to 
(00 footcandles and balanced brightness with 2214% uplighting. Fixtures were mounted in continuous rows on 
-foot centers, 742 feet above the floor. The ACTUAL difference is even greater than these photographs show. 


for 300 footcandles 


Hore light for less money with Day-Brite CFI° fixtures! 


hat’s ‘Operation UPlight”. The new Day-Brite 
EI (Comfort For Industry) fixtures are designed 
} deliver the higher lighting intensities currently 
rommended ... yet substantially reduce installed, 
erating and total owning costs. And now, with 
Bices reduced as much as 17.7%, Day-Brite CFI 
stures are within the range of every industrial light- 
# application. 


pr actual cost figures comparing Day-Brite CFI 
ftures with other lighting systems, call your 
ipy-Brite representative listed in the Yellow Pages. 
fe for yourself why hundreds of companies across 


e country have put “Operation UPlight’’ into 


tion, making it the most successful program in 
1y-Brite history. PHONE TODAY! 


per footcandle for each 10,000 square feet. Based on 4,000- 
hour operation, 1¢ per KWH rate, 35% lamp discount, 
typical maintenance cost, and amortizing the cost of buying 
and installing the lighting units over a ten year period, 


DAY: BRITE 


Day-Brite Lighting, Inc. 
St. Louis, Mo. + Santa Clara, Calif. 


NATION’S LARGEST MANUFACTURER OF COMMERCIAL 
AND INDUSTRIAL LIGHTING EQUIPMENT 


HE MODERN CONTRACTOR... 


PATENTED 


TERMINATE 


USES THE... : 
T&B MODULAR FITTINGS SYSTEI 


FOR INTERLOCKED ARMORED CABL 
to Fully Take Advantage of its Flexibili! 


MOUNT 


With the Modular Fittings System ye 
specify the fitting to suit the installation. Tern 
nate, Dead End, Support, Ground, Mount, P 
Head, Wet or Dry, T&B Modular Fittings ci 
solve all these problems, at Lowest Installed Com 


Be 


PATENTED 


Write for our Free Eye-Opener Series and learn h 
you may profit from this new Syste 


GROUND 


PATENTED 


SOLD COAST TO COAST EXCLUSIVELY BY YOUR LOCAL T&B DISTRIBUT 


THE THOMAS & BETTS Co. 


INCORPORATED 
PIAA evizaBeTH, NEW JERSEY IN CANADA, THOMAS & BETIS LTD. MONTR: 
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“You can count on Niagara. Really cooperative. They've 

| never let us down.” 
Sensitive to the needs of its customers, Niagara has proved its 
flexibility time and time again in scheduling urgent deliveries. 


| ‘ipweiy w Doing the “impossible” is not uncommon in this organization. 
a [IAGARA Close, personal, friendly attention is uppermost. Even shipments 


| are planned to minimize unloading costs. 


7 Built in accordance with established standards or to speci- 

R AN ER fied requirements, Niagara Transformers cover practically 
¢ T S FO RM s every service through 10,000 kva, 69,000 volts. Write for 
Bulletin 139. Niagara Transformer Corp., P.O. Box 23, Buffalo 
25, N. Y. Representatives in principal cities. 


oad |] 


Bae i 
ae | 
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Mercury lamps may look ali 


These Mercury lamps look alike and cost about the same, but ¢ 
the Westinghouse Lamp—will deliver more light initially and » 
tain this high light output longer. It is your most economical ¢ 
for industrial and commercial lighting and incorporates all 4 
standing improvements listed below. 


1. Lifeguard™ arc tube to improve lumen maintenance. Even 
10,000 hours of use, these lamps will still give 85% of their initia. 
output. This means that 21% years after you install Westinghouse 
cury Lamps, your plant or streets will have almost the same high us 
light as when the lamps were new! 
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gee 


ae 
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igew design electrodes lock in the emission material and insure 
if life and easier starting. 


al 

i Jeather Duty™ construction. Special glass is resistant to ther- 
shock and corrosive fumes. Moisture, industrial fumes, even snow 
ain can’t harm these Westinghouse Mercury Lamps. 


‘fi-temp silicone cement holds bases tight for life . . . actually 
stronger as the lamps burn. No drop-outs. Westinghouse even 


af 
( i) (| 
MFcodes its mercury lamps so you can check performance. 


preter a oe a SRDS Ge | 


but four differences make one a better buy! 


No matter what type or wattage of mer- 
cury lamps you use, you will get more 
value and light for your money—plus 
longer, trouble-free service—by specify- 
ing and insisting on Westinghouse Mer- 
cury Lamps. Westinghouse makes the 
most complete line of mercury lamps in 
the industry ... 100 to 3000 watt sizes 
...in clear, color-corrected and reflector 
types. Contact your authorized Westing- 
house lamp agent or nearest Westing- 
house Sales office. 


you CAN BE SURE...1F ITS \ Vestin nghouse 


WESTINGHOUSE LAMP E LAMP DIVISION, Westinghouse Electric Corporation, 
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TO CORNER more new electricé 


— 


i 


DODGE REPORTS are individual building project 
reports. They’re mailed to you daily. You get 
REPORTS on just the types of building youre inter- 
ested in. They tell who’s going to build what and where 
.-.whom to see...when bids are wanted ... who else 
is biddixg...who gets which awards. 


SEND FOR THIS FREE BOOK 


F. W. Dodge Corporation, Construction News Division 
119 West 40th Street, New York 18, N. Y., Dept. ECM50 


eral markets checked below. 


L House Construction 0 General Building 
LJ Engineering Projects (Heavy Construction) 

. Area 

Name 

Company 

Address 


City Zone State 


Send me the book: ‘How Subcontractors Get More Work in New Construc- 
tion” and let me see same typical Dodge Reports. I aminterested in the gen- 


When you use DODGE REPORTS, you alwa 
know what’s coming up. You don’t depend only | 
invitations to bid. You concentrate on jobs you kn« 
will be profitable. 

If you do business in the new construction fie 
you need DODGE REPORTS. 


' F.W. DODGE 


f 


CORPORATION 


Dodge Reports 


HELP 


ELECTRICAL CONTRACTORS 
GET MORE BUSINESS 
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lighting that stands out and stands up 


Handsome buildings deserve the best in lighting, and 
they get it when lighting equipment includes diffusers 
or lenses made of Puexiguas® acrylic plastic. 
PLEXIGLAs provides highest efficiency in transmission 
and diffusion. It is rigid, with a smooth, easily cleaned 
surface. Above all, it is a durable material—highly 
resistant to breakage, and free from discoloration even 
after years of exposure to fluorescent light. 


We will be pleased to send you the names of manufac- 
turers whose lighting equipment is based on the use 
of PLEXIGLAS. 


Chemicals for Industry 
re ROHM & HAAS 


COMPANY 
WASHINGTON SQUARE, PHILADELPHIA 5, PA. 


In Canada: Rohm & Haas Company of Canada, Ltd., West Hill, Ontario 
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as hard as Swedish steel make your Onan Plant last longer 
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ives Onan engines 


| 


he valve life! 


Onan exhaust valves and seats are coated with 
Stellite, a tough alloy, _ 
to greatly reduce wear and burning 


tellite—one of the toughest alloys known 
-gives the exhaust valves and seats in 
% Onan engine up to 300% longer life. 
corching punishment—Stellite can take it. 


tnan’s attention to important details, like 

alves and valve seats, is what makes 
man Plants so dependable, so long-last- 
'g, sO economical. 


Qnd, only Onan gives you Performance 
Hertified. Every Onan Electric Plant is 
in for hours under full load before it 


; INS 


a a FOR MAN CE 
He RTIFIEH 


this Ona 


leaves our factory to assure ourselves, and 
you, of getting all the performance and 
power you paid for. To give you even 
more assurance, inspectors from an inde- 
pendent laboratory come in periodically 
to double check our tests and testing 
methods. Whether you need primary or 
stand-by generating power, from 500 watts 
to 230,000 watts, see your Onan distribu- 
tor. You’ll find his name in the telephone 
classified section in every major city, or 
write direct. 


i ee 
PUGBG Gp 


D. W. ONAN & so 


Minneapolis 14, Mi NS INC, 


nnesota 


Leading Builder 
of Electric 
Power Plants 


)/. ONAN & SONS INC., 25'74 UNIVERSITY AVE. S.E., MINNEAPOLIS 14, MINN. 


OPERATION 


Sparking sales for you 


REG. U.S. PAT. OFF. 


Now...3M — makers of SCOTCH No. 33 
Electrical Tape — sponsors a new promotion 


to support you...the electrical contractor! 


re 


STRONG ADS LIKE THIS which build business, 
confidence and public goodwill for you...are now 
appearing in THE SATURDAY EVENING POST! 


Caen 


Now 3M not only gives you “‘ScoTcH’’ BRAND 


Time to call your 
electrical contractor 


“ji < mean you ve 

‘cture “‘jiggles’ MAY : 
ae f ‘Slow housepowet- The 
find out is to call 
ontractor. He 


got a case 0 
safest, surest WAY to 
alified electrical ¢ 


a qu oes knowledge, trained No. 33—the top EER plastic electrical 
eae specialized Bones tape—they also give you business building 
to diagnose on And advertising support! These ads, on a regularly 
roar ae, on him to use only scheduled basis, are appearing now in the lead- 
ae A quality a ing opinion-making magazine—The Saturday 
ae Evening Post—reaching your best prospects 
Use yi : for wiring and rewiring jobs among house- 
insulations that contain i] holders and business and industrial manage- 
nee. U.S: PAT. OFF* ment. Each ad supports you directly as the 
ScoTCcH No.33 “er man to see for the best wiring job for any 
ait purpose. Watch for these ads in The Saturday 
electricians oo sank o Evening Post! 


“ 
ming COMPAMY y 


REG. U.S. PAT. OFF. 


23,000,000 SCOTCH NO. 33 


BRAND 
readers are exposed to each of 
these “SCOTCH” No. 33 ads in ... preferred by most 
THE SATURDAY EVENING POST! electricians ...everywhere 


‘SCOTCH’! IS A REGISTERED TRADEMARK OF 3M CO., ST. PAUL 6, MINN. EXPORT: 99 PARK AVE., NEW YORK. CANADA: LONDON, ONTARIO, 


Electrical Products Division Mienesora [UInine and JYJANUFACTURING COMPANY Ga 
oo+e WHERE RESEARCH IS THE KEY TO TOMORROW ( 3M ) | 
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makes and recommends 


2” SOLID BRAS 


WEATHERPROOF 
WIRING DEVICES 


Bell’s field and icbassioey fests have proved that only rugged, Solid Brass 
_ weatherproof plates can stand up, year in —year out, regardless of weather 


and heavy use. 


Wont more proof .. . just look at this list of exclusive Solid Brass advantages 


) Bell Solid Brass 
will withstand sudden shock and im- 
pact, will not crack or shatter 


Bell Solid Brass 
will not flake, peel, pit or corrode 


Bell Solid Brass 
is impervious to salt air, smoke, 
industrial gases, fumes and steam 


Bell Solid Brass 

is unaffected by lime or acids found 
in brick, mortar, lime and cinder 
block 


Bell Solid Brass wears better, lasts much longer 


in any climate... 


SOLID ,# 


BRASS 
PLATE 
snaps maak 


.040 
SOLID BRASS 


ns) 


BELL 


...better 
to buy 


..-easier 
to sell 


stays open 


in coastal areas 


Saf-T-Lok’ 
COVER 


snaps shut 


BAKED 
ALUMINUM FINISH 


(—_____ 


Write for 
fully illustrated 
catalog 


Me eri, ELECTRIC COMPANY 725 s. ctaremont AVENUE, CHICAGO 36, ILLINOIS 


America’s Largest Line of Weatherproof Devices and Covers 
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General Electric 


Load Center Unit Substations now are... 


Yours 


at Lower Cost 


YOU NOW 
PAY LESS 


SELECTIVELY 
COORDINATED 
LOAD CENTERS 

MINIMIZE 
DOWNTIME 


SIMPLY 

SPECIFY 
SELECTIVE 
COORDINATION 


WITH G-E SELECTIVELY COOR- 
DINATED load center unit sub- 
stations, feeder breakers are 
adjusted to clear any magnitude 
of feeder fault. The selective 
main breaker preserves power 
continuity to unfaulted feeders. 


You can purchase G-E Selectively Coordinated load 
center unit substations at new low prices. General Electric 
has eliminated the price premium normally charged 
for this inherently higher-cost, more highly-engineered 
product. This means that you can now get superior 
service for the same price as the more common, but 
less “‘intelligent,” fully-rated load center unit substation. 
Further savings can be realized by the use of manually 
operated stored-energy breakers. 


In the Selectively Coordinated load center, the trip- 
ping times of the main and feeder breakers are coordinated 
so that during short-circuit conditions, power is removed 
only from the faulted feeder. Power continues to flow 
to the unfaulted feeders—thus preventing costly, un- 
necessary downtime. (See diagram below.) 


Order the Selectively Coordinated load center. Upon 
delivery, you will receive time-coordination curves which 
show you the factory-preset characteristics of each 
breaker, how they combine to assure you of the best 
possible service continuity. 


For more detailed information, contact your nearest 
G-E Apparatus Sales Office or write to General Electric 
Co., Schenectady 5, N. Y. for bulletin GEA-3592. 531-01 


HOW Selective Coordination PREVENTS UNNECESSARY DOWNTIME 


This main Breaker 


WAITS . . .=———————_——__ > 


. UNTIL this 
breaker clears the 


feeder fault. > ) 


X 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


TUBES 


take the loads 
reliably 


POPULAR SYLVANIA GAS TUBES 
; ‘ : Polpaverispe : FOR CONTROL APPLICATIONS 
Sylvania Industrial Electronic Tubes prove their ability in daily use to 


withstand widely varying load conditions. Vibration? Shock? They’re | Sania Stating Operating Operating Current (ma) 


Type Voltage Voltage Min. Max. 
built to take that, too, and still perform reliably. —VOLTAGEREGULATOR TYPES 
Next time you need superior-quality replacement tubes see your OA2 155 150 5 30 
Sylvania Industrial Tube Distributor. Better yet, see him soon and have 0B2 115 105 5 40 
your replacements on hand. He handles the full line of Sylvania Indus- 0B3 125 90 5 30 
trial Tubes for resistance welding, electronic control, induction heating 0c3 135 105 5 40 
and dielectric heating equipment. 03 180 150 5 40 
Meet your SYLVANIA INDUSTRIAL TUBE DISTRIBUTOR. Ask eat ie Fi p oa 
him for the new “Sylvania Industrial Tubes” and “Gold Brand Reliable Ld eatin gic ts 
Tubes” booklets. Or write Electronic Tubes Division, Sylvania Electric aks Ke oe ue, 3a 

6308 115 87 15 3.5 


Products Inc.,Dept. 155,1100 Main Street, Buffalo, N. Y. 


—— ee . = ~ es 


LB BUVAi MLN BED 
subsioiary of GENERAL TELEPHONE & ELECTRONICS es) 
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CHALMERS <> 


Flexible design for easy modification 
featured in this new complete line of low voltage motor control 


The modem, flexible design of this 
new line of Size 0 through 4 Allis- 
Chalmers control permits making 
many modifications in the field with 
ease. Minimum parts’ requirements 
) facilitate delivery from local stock. 


1. A third overload relay can be 
added to any Allis-Chalmers en- 
closure in the field, by use of just 
two screws, 


2. Start-stop buttons and selector 
switch kits are “plug-in” mounted. 


3. Only one pilot light kit is needed 
for any size starter, any standard 
voltage. 


e Auxiliary contacts fit any size 
starter, 0 through 4. 
Accessibility — Wide-open design 
permits fast installation, modifica- 
tion, inspection and maintenance. 


Unsurpassed Mechanical and Elec- 
trical Life — Millions of “life test” 
operations attest to the functional 
quality in every detail — assure the 


ultimate in dependable performance 
and sure protection for personnel, 
motors and machines. 


A complete line of low voltage con- 
trol (Size 0 through 9) and high 
voltage control in all NEMA enclo- 
sures, plus engineered control sys- 
tems. Your A-C distributor or repre- 
sentative will give you all the details. 
Or write Allis-Chalmers, Industrial 
Equipment Division, Milwaukee 1, 
Wisconsin. A-1282 
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The case for 277 volt lighting 
and ASUO Remote Control Switches 


AT THE NEW ASCO PLANT... 


Remote Control Switches for feeders and branch circuits 
greatly simplify load control. Fast and reliable on-off con- 
trol over large blocks of 277 volt lighting can be exercised 
from any control point. 

ASCO Bulletin 920 Mechanically Held Remote Control 
Switches (shown mounted on a column) control large blocks 
of lighting in the manufacturing area, Control is by push- 
button from a convenient point. 


Bus top switch 
fused of 20A 


, 


YU, (Le 


30-A, 3-P 
Remote contro/ 
switch 
(Mechanically - 
held contactor) 
\ 


480/27 7-v, 30, dw 


Control 
circuit 


v 
Lad EEDA, 
ml 3, Jw circuit 


Control button to lighting I 
station Haft il 


BASIC HOOKUP OF 
REMOTE CONTROLLED 
LIGHTING CIRCUIT 


The Bulletin 920 Remote Control Switch is U. L. approved 
to 600 Volts A-C, and is catalog listed in sizes from 30 to 
200 amperes, 2 and 3 pole. 


Use of the 277/480 volt Wye system and development of the 
277 volt discharge lamps were made possible by the 1953 Code. 
Section 2113 extended the higher voltage branch circuits as 
follows: 


“Section 2113, Voltage. (2) in Industrial establishments, 
office buildings, large schools and stores, the voltage 
of branch circuits which supply only the ballasts for elec- 
tric discharge lamps in permanently installed fixtures 
mounted not less than eight feet from the floor, which do 
not have manual switch control as an integral part of the 
fixture, may exceed 150 volts to ground, but shall not 
exceed 300 volts to ground.” 


The expanded use of 277 volt lighting in office buildings, 
factories, stores, schools, and technical centers results from the 
many advantages of this system: 


1. Reduction in number of circuits—since loads can be 
combined 


2. Reduction in wire sizes 


3. Increase in the number of fixtures per branch circuit 
(2.3 times 120 volt systems) 


4. Use of same system for both power and lighting 


Substantial blocks of 277 volt lighting can be controlled re- 
motely through the use of ASCO Remote Control Switches, 
providing these advantages: 

Installation Economy — Distribution panels can be located 
to provide straight feeders and short branch circuits, resulting 
in minimum line drop and losses. 

Control Convenience—Control stations located conveniently 
—connections made using small wires provide instant disconnect 
of lighting and power feeders. 

Design Simplicity and Flexibility —Logical distribution de- 
termines design—makes wiring layout simple and flexible for 
future expansion. 

Safety in Emergencies —Instant control of vital circuits from 
one or more accessible locations. 

And ASCO Remotes can be used up to their full rating on 
277 volt fluorescent loads. 


DEPENDABLE CONTROL BY ASCO 


ASCO Mechanically Held Electrically Operated Remote Control Switches are ideal for 277 volt 
lighting applications. ASCO Remotes are unaffected by line voltage conditions, and respond only 
to the control of the pushbutton, time switch, relay or other controlling device. These switches are 
available from 30 to 1000 amperes—to 750 volts A-C or D-C—for all classes of load. 


For complete engineering information on Remote 
Control Switches, write for new Catalog 57-52. 


ASCO Electromagnetic Control 


Automatic Switch Co. 50-K HANOVER RD., FLORHAM PARK, N.J., FRONTIER 7-4600 
AUTOMATIC TRANSFER SWITCHES * SOLENOID VALVES * ELECTROMAGNETIC CONTROL 
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.INE OF FITTINGS 


Charlie Raco 
has a 
new hat! 


RACO, the complete box line, now offers youa 
complete line of fittings, too. There’s a full line of 
RACO fittings for rigid conduit, E.M.T. (thinwall), 
armored cable, flexible metallic tubing, non-metallic cable, 
and service entrance cable. 

And...the new RACO fittings are available in 
malleable iron, aluminum, steel, and pressure cast. 
With this new addition to the RACO line, you now 
dave a top-quality source for all your roughing-in 
materials. Your RACO Distributor has the new complete 
ine of RACO products. Ask him about their time and 
money-saving features. 


Non-metallic Cable 


NOW RACO HAS A COMPLETE LINE OF ROUGHING-IN MATERIALS 


INGE ALL-STEEL EQUIPMENT INC. Aurora, Illinois 


(BG TOI, 
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bonus NO. 1...EXTREME QUIETNESS 


Quiet transformer operation with low loss isa blessing and a real source of 
satisfaction to building owners, managers, top executives, employees and patrons. 
Therefore a superior low noise level is an extremely important reason why you 
should specify and/or install PTC transformers on all jobs. 

Look at these PTC low noise levels as they compare with present and recom- 
mended NEMA specifications. 

Present 


ease katie Rating | 


NEMA 
9—30 40 34 


Precision Average Sound Level 
Standard Design Special Design 


37% —112Y2 es 42 38 
125 —167 60 44 42 
200—300 62 48 46 


To recognize the extreme quietness of PTC transformers it is best to compare 
them in decibel sound level ratings with those of typical sounds familiar to every- 
day life. 

FOR EXAMPLE: 

60-70 decibels—the sound of one typewriter or average traffic sounds 100 ft. away. 

50-60 decibels—the sound of a vacuum cleaner or moderate restaurant clatter. 

40-50 decibels—the noise to be found in an average residence or in normal conver- 
sation. 

830-40 decibels—low conversation in a residence in the evening. 


bONnUS NO. 2... EFFICIENCY 


Transformer losses cost money. Precision transformer cores 1) use the lowest 
loss steel available. Precision transformers are wound with low resistance copper 
wire and designed for the greatest possible operation economy. These features 
reduce losses and save dollars not once, but year after year. 


bONUS NO. 3... OVERLOAD CAPACITY 


Precision transformers are designed with large open ducts @ for efficient cool- 
ing and operate at lower temperatures than specified in national standards. 
Superior PTC insulation materials, varnishes and wire enamels actually permit 
operating temperatures in excess of these standards with no loss of life. These 
factors together with low losses give Precision transformers unequalled ability to 
handle overloads. 


bDONUS NO. 4... DEPENDABILITY AND LONG LIFE 


Dependability and long life can result only from ADVANCED DESIGN and 
BUILT-IN QUALITY. PTC transformers excel because they are constructed to 
meet the varying conditions under which they must be used. Additional PTC 
features are: 


@ Core laminations are clamped together with structural steel (3) rather than 
formed sheet steel for more rugged construction. 


@ Glass laminate duct spacers @) used provide greater toughness, rigidity, 
dimensional stability, and moisture resistance far in excess of wood or paper 
phenolic laminate spacers. 


@ Coils are thoroughly clamped and braced around the core with fibre-glass 
laminate insulating blocks resulting in greatest structural and tensile 
strength. 


@ Coils are made with an interlayer and interwinding insulation of Mylar- 
Quinterra and glass, assuring high dielectric strength, low moisture absorb- 
tion and high temperature stability characteristics. 


TRANSFORMERS 
° QUIET 


°e EFFICIENT 
e DEPENDABLE 


b¥YY] West Lake Street 
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bonuses 


when you specify 
and/or install 


TRANSFORMERS | 


DONUS NO. 5...REDUCED INSTALLATION EXPENS| 


Well designed and ‘easily accessible mounting pro: 
visions together with ample connecting space and simpl 
wiring termination mean neater installations at lowe 
than normal cost. 


bOnUS NO. 6... THE ONLY 5-YEAR 
UNCONDITIONAL GUARANTEE IN THE INDUSTR} 


Your reputation as an electrical engineer or contrac 
tor depends upon YOUR ability to stand firmly behine 
your recommendations and installations. 

It is reassuring to know that PTC transformers worl 
because PTC people make them work — then stand un 
conditionally behind them. 

WHISPER-QUIET INSIDE-THE-WALL INSTALLATION 

Precision Transformer Corporation has developed « 
unit which installs inside-the-wall in otherwise unusabl! 
space. Precision’s ‘‘HUSH-FLUSH”’ design permits easy 
full accessibility, lowest noise level close to lead powe 
service. Saves material and labor costs. Ideal for schools 
libraries, hospitals, churches, theatres, etc.’ — wherevey 
noise must be eliminated. 

Complete Line —DRY and LIQUID Types 

Whatever your transformer needs, there is a depend) 
able, quiet, long-lasting dry or liquid type transforme 

. more than 4,000 models ranging from 4 to 5,000 KVA) 

Write today for 4-page brochure providing details or 

the PTC line. | 


PRECISION TRANSFORMER CORP. 


° Chicago 12, Illinois 


Representatives in all principal cities 
E 
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and plug overnight into any 110-120-volt 
AC outlet. 


Heavy-Duty Sonotone Rechargeable 
Flashlight Battery Cartridge 


@ A multi-use adaptation of the 
patented Sonotone sintered-plate, 
nickel-cadmium battery used in 
space missiles and jets. 


@ Gives at least 3 hours of strong, 
continuous light from a single 
charge with PR-6 bulb—or1% hours 
with full-powered PR-2 bulb. 

@ Dependable in extreme temper- 
ature and weather conditions. 

@ Can be recharged hundreds of 
times at about %¢ per charge. 

@ Sturdy, leakproof construction— 
aluminum jacket -— electrically 
shockproof. 

@ Full-year guarantee under heavy 
industrial use — backed by Sono- 
tone’s leadership of over 30 years 
in precision engineering and 
service. 


A completely new concept in flashlight 
battery efficiency and economy for in- 
dustrial users! Replaces and outmodes 
any two “D” cells, for any purpose, in 
end-to-end use. Rechargeable over- 
night by plugging into any 110-120- 
volt AC outlet. Gives maintenance and 
service personnel a battery with a life- 
time of use at a fraction of the cost of 
constantly replaced ““D”’ cells. Dozens 
of applications — with railroads, avia- 
tion lines, municipal departments, 
public utilities and private industries. 
Heavy-Duty Model FC-3 ($9.95 re- 
tail) —subject to your usual discounts. 
Also Standard Model FC-2 for home 
use (light lasts at least 1% hours with 
PR-6 bulb) —$7.95 retail. Write now 
for full details to: 


Sonotone.: 


Battery Division, Dept. B56-50 
ELMSFORD, N.Y. 


Leading makers of fine transistor hearing aids, ceramic phonograph cartridges, 
speakers, microphones, electronic tubes, sintered-plate, nickel-cadmium batteries. 
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For dependable protection of electrical wiring .. . 


USE RIGID STEEL CONDUIT 


When you install rigid conduit made of steel, you obtai 
permanent protection against the ever-present hazards of fault 
electrical circuits. 

The proof is in the performance of thousands of steel con 
duit installations over the past 50 years. And the reasons ar 
simple: 


Strength and toughness 


Steel prevents physical damage to the wires, protecting then 
permanently. 


Good electrical conductivity 


Steel carries off dangerous fault currents to remove the threa 
of fire and shock. 


Heat resistance 


Steel conduit prevents possible fire from spreading to th 
building. } | 


Rigid steel conduit is inexpensive to buy, easy to instal) 
simple to rewire. It’s compatible with all construction mate 
BETHLEHEM STEEL COMPANY ; : F ; yar ‘a 
BETHLEHEM, PA. rials in major use, and will often outlast the building itseli 

Eicon DieiiboieraBathlchert Steel Export Cervo tion Ask your nearest electrical distributor for full details. 


BETHLEHEM STEEL 
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/FREE-'50 IN REMCON DEVICES! 


Builders, architects, homeowners—to- 
day everyone is looking for the little 
touches of luxury that make a home 
more desirable, more saleable. Low- 
voltage switching is just the “extra” 


) that can help you provide your custo- 


mers with comfort and convenience 
through electricity. And now with 
REMCON, the low-voltage system that’s 
practical in any home regardless of 
cost, you can do it at a profit! 


WHAT IS LOW-VOLTAGE 
SWITCHING? 
Low-voltage switching is the greatest 
advance in light control since the pull 
chain. By eliminating the need for 
elaborate, costly wiring, it provides the 
ultimate in versatility and safety 
through multi-point, master-control 
and path-of-light switching. Low volt- 
age switching also ends shock hazard 

by putting only 6 volts at the switch. 


4 REASONS WHY 
REMCON IS EASIER TO INSTALL 
REMCON builds the transformer right 
into the relay to make low-voltage 
switching easier four ways: 1. No sep- 
arate low-voltage source (eliminates 
additional wiring); 2. No complicated 
systems, With REMCON, installation is 
as simple as connecting the three wires 


| of the relay to the three color-coded 


wires of the switch; 3. No more need 


| to run heavy armored cable from fixture 


to switch; in fact...4. No more switch 
box! Any way you look at it, there’s 
no longer any reason to shy away from 
modern low-voltage wiringespecially 


) when you think of the time, labor and 


money it saves! 
THOUSANDS OF 


DELIGHTED USERS 
Contractors everywhere are delighted 


| with REMCON’S flexibility, whether they 
© wire tract or custom homes. Read these: 


REMCON—THE ANSWER TO 
CUTTHROAT COMPETITION 
The need for contractors to “trade 
up” their customers is so impor- 
tant today that the National 
Electrical Contractors’ Associa- 
tion made it the prime topic of 
discussion at their recent conven- 
tion. How do you break out of the 
vicious circle of low bids, cheap 
services, poor or no profits? By 
offering the “plus” that pulls you 
away from the pack...REMCON! 


HOW THE $50 BONUS PROGRAM WORKS 


NOW ACTUALLY COSTS LESS! 
Before this $50 Bonus Program, the 
ease of installing REMCON was more 
than enough to offset the slight expense 
over outmoded, conventional wiring. 
But even that’s been changed. Now 
REMCON gives you a Certificate worth 
$50 in the REMCON devices of your 
choice—just for trying REMCON on your 
next job. 


REMCON SUPPORTS 
YOUR SELLING EFFORTS 

To make it still easier for you to sell, 
REMCON is now in the midst of an ex- 
tensive advertising and promotion cam- 
paign which includes full-page colorful 
ads, direct mailings to builders and 
architects, and an intensive publicity 
effort that has paid dividends in a 
steady barrage of articles in leading 
newspapers and magazines. 


BLECTRICAL 
Hhojwmalines 


Go to your distributor. Buy your first package of REMCON materials (it’s enough 
to wire the average three-bedroom house). This package will also contain: 

1. A Materials Certificate worth $50 (list) in the REMCON materials of your 
choice; 2. A request form for obtaining free business cards imprinted with your 
name; 38. Free envelope stuffers for you to distribute to your customers; 4. Free 
truck decals; 5. Complete REMCON literature, including an Electrician’s Manual, 
an illustrated instruction manual, easy-to-follow installation data sheets and 
wiring diagrams, and articles describing typical industrial and residential 
REMCON installations. You also get all new information as soon as it’s issued. 
In addition, you will automatically be listed as an Authorized REMCON Dealer, 
which entitles you to our free Consultation Service—you send us your prints and 
we'll send back a REMCON switch layout and a list of the materials needed to do 
the job. The $50 Bonus Program is now in effect. Go to your distributor today! 


“Remcon helps me 
provide luxury at a 
Profit even ina 
$15,000 home. I can 
‘build in three- and 
four-way switching 
quickly—at lower 
\labor costs—because 
Remcon’s #18 wire 
staples to studs. I’m 
Sold, and my tracts 
£o just as fast.” 
Sidney Gotowner, 
Gotowner Electric. 


“Even in a custom 
home, small details 
like Remcon’s pilot- 
light switches and 
hi-fashion switch 
plates are appre- 
ciated. Remcon 
plates, for example, 
blend with and en- 
hance any room’s 
decor. They’re prac- 
tical in any home.” 
Ephraim Berkowitz, 
Turnpike Electric. 


\ 


All this is included in the package with the $50 certificate. — 


ee Se ey Pe Se Pe SY Fe RS RE ees ee ES Ee Ee) Sa Se Bee ee sD 
A Division of Pyramid Instrument Corp., I 


T 
| iS} REMCON 630 Merrick Road, Lynbrook, N. Y., Dept. EC-50 


| Okay REMCON, sign me up as an Authorized REMCON Dealer, send me your | 
free Information Kit and the name of my local REMCON Distributor. I under- 
| stand I am under no obligation. 


Name us a: eae et og = fe MAIL i 
Address paren eh Fae sa NOW 
l City Zone State | 
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-1960-16,450,000 horsenower 
1965 -26,000,000 horsepower 


Conservative estimates place the total horse- 
power of all motors driving fans and blowers in 
the United States at about 16,450,000 horsepower. 
And in 1965 it is estimated that the total will be 
about 26,000,000 .. . an annual growth of 5% for 
the air moving industry. To make sure all this 
equipment gives top performance requires careful 
matching of motor to equipment ...and a wide 
variety of different types of motors. Century 
Electric application engineers can help you select 
the right motor for your fans, blowers and allied 
equipment: 


For fans—Two basic types of motors, CS and 
CP, meet most requirements for fans operating 
from single phase power. Both these Century 
Electric capacitor start motors provide high start- 
ing torque. Fans operating from polyphase power 
perform best with SC and SCM motors. 


For blowers—If the starting load is light or if 
there will be short time increases in load, then the 
Century Electric Type SC polyphase motor is 
ideal. It will give you enough starting torque, and 
with low starting current. It comes in Y to 400 
hp sizes. If you need two, three or four different 
fixed speeds while the blower is running, the 
Century SCM polyphase motor will do the job. 


For compressors— Where high starting torque 
is required to overcome great inertia or back- 
pressure, the Century Electric Type SCH poly- 
phase motor is right. This motor comes in sizes 
ranging from three to 400 hp and in dripproof, 


CENTURY 


totally-enclosed and explosion-proof enclosures. It 
also provides the right kind of power to drive 
reciprocating pumps with high starting torque 
requirements. 


For pumps—Centrifugal pumps, whose torque 
demands increase with speed, perform best with 
Century Electric SC polyphase motors. Recipro- 
cating pumps with high starting torque require- 
ments need the SCH. For all types of pumps, as 
well as for compressors and blowers, Century 
Electric makes single phase motors. 


For special applications—Century Electric 
makes a variety of motors for specific operating 
conditions. The shaft-mounted fan motor is de- 
signed for unit heaters and evaporators. It comes 
in 4 to 3 hp sizes. Hermetic motors can be built 
right into a refrigeration compressor unit... they 
are manufactured under rigid quality controls to 
make sure they are free of contaminants that 
could damage capillary tubes and valves. 


FOR MORE INFORMATION 
—Please contact your nearest 
Century Electric Sales Office or 
Authorized Distributor. You 
will find Century Electric’s 
new Motor Application Guide 
helpful . .. please write for 
bulletin 270A. For more than a 
motor.. 


ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 


FROM OVER 10,000 TYPES of 
motors—AC and DC ... single 
phase and polyphase . . . from 
1/20 to 400 hp—you can find,the 
right one from Century Electric 
for your application . . . the one 
that provides the best perform- 
ance commensurate with cost. 


NEW POTTED 
STOPS MOISTURE DEAD! 


LONGER USEFUL LIFE WITH 100% 
COIL AND CORE SEALING... 
IMPROVES PERFORMANCE, ELIMINATES 
MAINTENANCE OF WESTINGHOUSE UNIT 


INDUSTRIAL 


Westinghouse developed a silica- 
filled resin compound for completely 
encapsulating the core and coils of 
this industrial transformer. The unit 
is absolutely impervious to mois- 
ture and water-laden industrial 
atmospheres. 

This compact, lightweight trans- 
former is easy to mount... can be 
mounted in any position. Attractive 
appearance and low noise level 
permit installation of unit anywhere 
without objection. No transformer 
hum to distract workers. 

All Westinghouse ““EP”’ trans- 
formers bear the UL label. Available 
in 4-, 4-, %-, 1-, 144- and 2-kva 
ratings at 600 volts and below for 
lighting, small motor loads and the 


TRANSFORMER 


like. For larger load applications, 
“EP” single-phase units are rated 3/ 
to 10 kva, 5000 volts and below for’ 
indoor service . . . 3- to 15-kva trans- 
formers, 600 volts and below for” 
indoor-outdoor installations. Also’ 
available in 3, 6, 9 and 15 kva, 
600 volts and below, three phase for’ 
indoor-outdoor applications. 

Units also available in ratings for) 
auto and buck-boost applications. 

Convenient stocks of the West- 
inghouse “‘EP”’’ dry-type trans- 
former are stocked throughout the}, 
U.S. Contact your Westinghouse) 
sales engineer for complete data on! 
the ““EP” line or write Westinghouse | 
Electric Corporation, P.O. Box 231, 
Greenville, Pennsylvania. —_J-70938-R)) 


you CAN BE SURE...1F ITs \ Vesti nghouse 


WATCH “WESTINGHOUSE LUCILLE BALL-DES! ARNAZ SHOWS” CBS TV ALTERNATE FRIDAYS 
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use this 


 KNOW-HO 


when you need connectors 


Engineering help is yours without obligation. 32 years of 
designing and manufacturing experience. 


Dependability is designed into every Penn-Union fitting, 
and maintained by a rigid inspection standard, with com- 
plete laboratory control. 


Exceptional service— due to large warehouse stocks in 17 | 
strategic locations. Many items shipped same day. 


Let us help you; consult us on your next connector need. 


PENN-UNION ELECTRIC CORP., Erie, Pa. 


Export Sales—Philips Export Co., 100 East 42nd St. New York 17, N.Y. 


/ 
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ELECTRICAL CONTRACTORS TELL WHY... 


THE BEST 


SILVERSLICK, new inside finish of Republic’ 
ELECTRUNITE E.M.T., was introduced the first part o 
last year. A business reply card was attached to ever 
tenth bundle. Here are but a few comments of the hun 
dreds of replies as received by H. R.“Hank’’ Coward 
Manager of Republic’s Electrical Products Sales: 

“We used your product in sizes 4%” to 2” ona 
large project. With SILVERSLICK, wire-pulling is 
noticeably easier.” 

“Anyone interested in saving time and aggra- 
vation in his wire-pulling jobs should certainly 
use your SILVERSLICK.”’ 

“We have used your ELECTRUNITE for many 
years and have noticed a marked difference since 
you introduced SILVERSLICK. The “GUIDE- 
LINES” and “INCH-MARKS” are most helpful 
and ELECTRUNITE is easy to bend.” 

“SILVERSLICK is just what was needed to 
simplify wire-pulling.”’ 

“The five #12’s we pulled in the 34” ELECTRU- 
NITE was without the use of easy pull. It’s the 
best yet for E.M.T.” 

Many of the comments were short but to the 
point. Such as: “The best we have ever used.” 
“Works fine.” ‘The best out.” “Makes wire- 
pulling easier.” “It is considerably easier.” 

Try Republic ELECTRUNITE E.M.T. on your next job 
Then, send us your comments. We think you will lik 
the economies and advantages of ELECTRUNITE be 
cause ... the best costs /ess installed! 


ae 


EASY MEASURE “INCH-MARKS’”® save time FULL LENGTH “GUIDE-LINE”® prevents SILVERSLICK® makes wire-pulling up to 37 % 
-». simply measure, cut, install “wows”... wasted material, wasted time easier . . . wire pushing easier, too 


UNIFORM DUCTILITY assures smooth, accurate UNIFORM CONCENTRICITY .. . fittings fit TURN THE FITTING—NOT THE RUN for easy 
bends . .. no costly kinks every time ... with concrete-tight joints installation ... your most pratical raceway 


REPUBLIC STEEL 
Weltti Weal Reaige 
of Sttiualurd, Sales andl Sto Prodlieli 


The STEELMARK of the American Steel Industry identifies 
products made of steel. Look for it when you buy. 


REPUBLIC STEEL CORPORATION 

STEEL AND TUBES DIVISION 

Dept. C-9533 

212 EAST 131st STREET * CLEVELAND 8, OHIO 


I want to know more about the installation advantages of 
Republic ELECTRUNITE® Electrical Metallic Tubing. 


Narre are Se Se 


Firm 


Address 


City. Zone State 
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New idea offers more for the money... 


New G-E 100-amp 
plug-in busway 


Now, a plug-in busway that costs no more installed—and 
usually substantially less—than wire and conduit! 

Or as a leading electrical contractor in Wilmington, 
Delaware, puts it: “With Type DH, I can save 25% over 
the cost of conduit and wire when there are four or more 
tap-offs in the system.” 

Type DH—rated 100 amperes, 3 pole or 4 wire, 3 phase 
600 volts maximum—serves as either a feeder or plug-in 
system and may be used wherever exposed wire and con- 
duit might be applied. Light, sturdy and small in size (in 
cross-section not much larger than a pack of king-sized 
cigarettes) , DH may be hung edgewise on 10-foot centers. 
Eighteen dead-front outlets are provided in each 10-foot 
length. For added flexibility, each outlet accepts a variety 
of fusible, no-fuse and circuit breaker plugs. 


tie ei: crete 


saves 25% in wiring cost, hailed 


as ‘‘Wiring Method of Tomorrow’ 


G-E distributors, nationwide, stock Type DH, including 
its wide variety of fittings and accessories. So DH busway 
matches wire and conduit in availability as well as cost. 
Ask your General Electric distributor or representative 
for Bulletin GEA-6172. Or write directly to Distribution 
Assemblies Department, General Electric Company, 
Plainville, Connecticut. 


Z 7) DH BUSWAY EXTRA VALUE 
<= Telescoping length adjusts between 42 and 
Z jl 54 inches. This, plus flexible fittings, elimi- 


nates need for exact measurements. Rigid 
fittings—elbows, crosses and tees—adapt bus- 
way to virtually any building contour. 


GENERAL @@ ELECTRIC 
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; WING-NUT branch circuit wire connector 
TS APPROVED 
for ALUMINUM SPLICES 


Underwriters’ Laboratories 
has approved ‘‘Wing-Nut’’ 
for use as aluminum-to-alu- 
minum wire connector for all 
listed combinations of Nos. 
6, 8, 10 & 12 building wire. 
Since standard aluminum 
building wire is not now 


“eh 


§ 

manufactured in No. 14 or é 

No. 16 sizes, combinations oa 

including these sizes are not ¢ 

yet approved. a 

Easiest Screw-On Connector for Branch Circuit Wiring : 

" 

; {% 

U.L. approved for 600 Volts as pressure cable hs 

connector, and for recessed fixtures. 474 ap- 

proved combinations of A.W.G. solid and/or i 

stranded wires. a 

Built-in Wrench ‘ 

New wings make it 50% easier to screw on, even sos ie 

on new stiff vinyl-insulated wire. Wings elimi- Sold through America’s leading distributors. ¥ 

: : In Canada: i 

Le Se. wrenches; can be snipped off levine Snith Led: Montreal : 

: BS ee : : 

erro Grip | | WRITE FORFREE SAMPLES | " 

New internal tension-spring coils adapt to shape P 

and size of wires—apply tremendous pressure : Send coupon to: tp 

so great that wires are actually threaded and IDEAL INDUSTRIES, Inc. ¥ 

= ar ve., sycamore, . ts 
crushed together. ! en er LOSS ok ae, 
Nylon Shell 7 Name | 
Insulating cap is Nylon...high dielectric, (3 Adare 
abrasion resistant and high impact strength. l 
You can actually see the splice inside the semi- | City State | 
transparent Nylon shell. ARR TS MRE oie Ta ES op eee pi aa es 7s 
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Light 
weight! 


One reason why Alcoa 
aluminum electrical rigid 
conduit costs less to install 


Heft a 10-foot length of 4-inch aluminum 
conduit. It weighs just 34 pounds. Compare 
this with 98 pounds for a similar section of 
steel conduit. 

You benefit from this weight advantage in 
every phase of handling—lifting, loading, 
carrying, erecting. Result? Jobs go up faster. 

You'll also find that aluminum conduit is 
easier to cut, bend and thread than conven- 
tional conduit. A hacksaw is adequate for 
cutting most sizes; bending usually is a one- 
shot task; and regular dies and cutting oils 
give you clean, sharp threads in a hurry. 

Aluminum conduit is nonsparking, non- 
magnetic, corrosion-resistant, and nontoxic. 
It looks good when you put it up and stays 
that way for years and years. 

Get all the facts and figures in time for 
your next job. Contact your electrical dis- 
tributor or one of our representatives. Or 
drop us a line for free literature. Write to 
Rome Cable Division of Alcoa, Dept. 7-50, 
Rome, New York. 


OTHER REASONS WHY it costs less to install Alcoa conduit: 
you can cut it easily with a hacksaw, bend with an EMT 
bender, and thread quickly with a regular sharp die. 


ROME CABLE 
DIVISION OF ALCOA 


Chasekote* 


Pressure-Sensitive Polyethylene Tape has an extra-heavy adhesive mass 
that clings to clean pipe on contact . . . makes a perfect, permanent 
bond that rustproofs, waterproofs and insulates pipe against all types 
of corrosion. 


hasewrap” 


Protective Overwrap is a tough, wrinkle-free outerwrap that shields 
against abrasion, wear, and physical damage to the tape. Wraps 
simultaneously with the tape. Superior to rag and felf wraps, yet far 
lower in cost. 


*Trade name of Chase & Sons, Inc., long-famous for protective and insulating 
tapes for electrical wire and cable 


Public Buliding 
Lines 


Refineries & 
Gathering Systems 


Oll & Gas 
Transmission Lines 


FOR YOUR ELECTRICAL INSULATION PROBLEMS SPECIFY CHASE FRICTION, PLASTIC, RUBBER, NEOPRENE AND BUTYL TAPES 
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DIVISION 


> (CORR-PREV) es 


The new CORR-PREV Pipe Coating Team comes in 

easy to handle tape form. It goes on pipe faster and lasts 
longer than corrosion-proof paints. It’s cleaner and 
simpler to apply, too, than hot tar coats. And most 
important, this new CORR-PREV Team offers all the 
cost-cutting, pipe-saving advantages of polyethylene tape. 


With CHASEWRAP Abrasion-Resistant Overwrap 
and Chasekote polyethylene tape, you get the easiest and _ 
best pipe protection at lowest applied cost! There’s no 
heating, drying, clean-up or shut-down time. Each roll - 
is factory-uniform in thickness and quality. And all 
coating materials — including rental of high-speed appli-~ 
cators — are available from one reliable source. Want 
samples? Specs? Prices?’ Write CHASE & SONS, INC., 
26 Spruce St., North Quincy, Mass. 


Highway and Airport 
Conduit & Pipe 


Chemical & Industrial 
Plant Piping 


Utility Distribution 
Systems 


Ree 7 ate 


(usa as 


Gedney Connectors , 
with also eye iad 
= ¢ withou 
insulated insulated throats 


throats 


Df Order these Gedney Connectors Added wire protection, faster and easier pull-through ... you can now 
with INSULATED THROATS get these added benefits on a complete line of top-quality malleable 
iron Gedney connectors. Gedney Insulated Throat Connectors eliminate 


mH Liquid-Tite Connectors : 4 4 
fraying and snagging... leave wire smooth and safe. 


Conduit Nipples 
90° Short Conduit Elbows 


i : Gedney fittings are made from top-grade malleable iron. They’re un- 
90° Bushed Conduit Elbows : ‘ 2 
| NoThreed 90° Connectors matched for toughness and are impervious to corrosion. Each Gedney 
jit§ ~No-Thread 90° Short Angle Connectors product must pass rigid inspections. 
ult No-Thread 45° Short Angle Connectors 
90° Special Conduit Entrance Elbows GEDNEY FITTINGS FIT 


No-Thread Connectors for 
Heavy Wall Conduit 


Watertight Connectors 
2-Screw Connectors 
45° Angle Connectors ~~ d 

90° Angle Connectors ah : a 
90°Corner Adapters Ni re we te \» G E re E Y 
Bonding Bushings a Bea ke ELECTRIC COMPANY 
M Service Entrance Cable Fittings | / 
| '_ E.M.T. Connectors 
A 90° Short Angle E.M.T. Connectors 
90° Long Sweep Angle E.M.T. Elbows 
Offset Connectors AMERICAS BLDG. * RADIO CITY » NEW YORK 20 


Foundry, Factory and Shipping Point: Terryville, Conn. 
Offset Nipples 
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SPECIFY | 
CLIFTON 
CONDUIT | 


The conduit with 
built-in quality 


EMT (Electrical Metallic Tubing) the 
only hot-dipped galvanized tubing— 
inside and out for complete protection 
flat, clean, continuous weld for smooth interior 
surface and ease of pulling during installation. 


RIGID CONDUIT made of the finest 

steel available * Clifton’s exclusive 

process for hot-dipped galvanizing 
guarantees a uniform zine protective coating 
... inside and out « the finest rigid conduit 
made. Clifton Rigid Conduit is approved by 
Underwriter’s Laboratories, Inc. and conforms 
with Federal Specification WW-C581C and ASA 
Specification C-80.1-1953. Clifton EMT is ap- 
proved by Underwriter’s Laboratories, Inc. and 
conforms with Federal Specification WW-T-806B 
and ASA Specification C-80.3-1953. RIGID CON- 
DUIT ELBOWS, COUPLINGS, AND NIPPLES in a 
full range of sizes * are manufactured of the 
same fine high quality steel as RIGID CON- 
DUIT * hot dipped galvanized inside and out. 


FLEXIBLE STEEL CONDUIT really 

flexible and crush-resistant for easier 

and faster installations « manufactured 
under Clifton’s rigid controls from purchase 
of high quality steel tape to finished product 
* smooth inside surface assures you trouble 
free pulling during installation. Clifton Flexi- 
ble Steel Conduit is approved by Underwriter's 
Laboratories, Inc. and conforms with Federal 
Specification WWC-556. Other quality products 
by Clifton: Bushed Armored Cable; Unarmored 
Service Entrance Cable; (CLIFTX) Non-Metallic 
Sheathed Cable; CLIFTALL-UF; Building Wire 
—TW, RHW, RR. 


CLIFTON CONDUIT CORPORATION 
A Division of General Cable Corporation 
1 3300 Eastbourne Ave., Baltimore 24, Md. 


oT 


{2 ot Ee EpusslS 
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INETW load centers 
take less space, 
give greater flexibility! 


TWO BREAKERS 
IN SPACE OF ONE] 


Smaller—more compact—Frank Adam’s new line 
of circuit breaker load centers set the highest 
standards for safe, dependable lighting circuit 
protection. 


Lugs on small main breaker can be used with 
either aluminum or copper conductors. Two capac- 
ities: 100-amps. for 12 or 20 branches—200-amps. 
for 20, 30 or 42 branches. 


New duplex breakers permit future expansion, yet 
keep present space requirements to a minimum. 
Load centers are also available with new magnetic 
wound, copper coil, Quicklag breakers. 


Sequence bussing .. . big gutters make wiring easy space-saving secret. Capacities of 15 or 20- 


... competitively priced with fusible main equip- amperes—or a combination of both—use no 


ment. In stock now at your wholesaler. more space than single pole breakers 


Color-coded handles give quick. easy and safe 


identification. Thermal magnetic self- 


cleaning, contact wipe tamper-proof cali- 
bration... “simul-tie” common tripping 
RANK 
DAM ELECTRIC COMPANY 
P.O. BOX 357, MAIN P.O.+ ST. LOUIS 66,,MO See our Catalog in SWEET'S 


+ panelboards + switchboards + service equipment * safely switches + load centers + Quikheler 
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WANT TO SAVE SOME MONEY? 


I-T-E URELITE individually enclosed large air circuit breakers. 
Available up to 600 v a-c, 15-4000 amp continuous, up to 150,000 ~ 
amp interrupting. 


SAVE INSTALLATION EXPENSE 


Look at that roomy cable box. I-T-E URELITE® gives 
plenty of elbow room to the men who install it. Easy to 
pull and connect even extra-large conductors. You can 
bring them in from either the top or bottom. This design 
means fast, easy, low-cost installation. 


SAVE MONEY WHEN YOUR LOAD GROWS 


Want to increase the current rating of your URELITE 
breaker? Just reset the trip devices. It takes only minutes. 
Expanded ranges eliminate shutting down the circuit and 
replacing devices. Calibration is directly in amperes for 
easy, accurate setting. 


Send for new illustrated Bulletin 4261-2b. I-T-E Circuit Breaker 
Company, Dept. SW., 1900 Hamilton St., Philadelphia 30, Pa. 


I-T-E CIRCUIT BREAKER COMPANY 
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Triangle makes many 
types to one standard... 


AIRPORT LIGHTING CABLE 
CAA Specification L-824 


RUBBER & APPLIANCE WIRE 
THERMOPLASTIC Thermoplastic, U/L 
ARMORED CABLE 
CABLES Type ACL, U/L 


ARMORED LEAD CABLE 

Type ACL, U/L 

BUILDING WIRE 

All Types, U/L 

CATHODIC PROTECTION CABLE 
Polyethylene insulation, PVC Sheath 
CONDUIT 

U/L. Rigid Steel, Hot-Dipped Galvanized 
or black Enameled: Flexible Steel, 
Hot-Dipped Galvanized; EMT, 
Electro-Galvanized 

CONTROL CABLES 

IPCEA. Rubber, Thermoplastic or VC 
Insulation; Braid, Neoprene, 
Thermoplastic or Lead Sheath 

FIXTURE WIRE 

All Types, U/L 

SUBMERSIBLE PUMP CABLE 

Rubber Insulation, Neoprene Sheath Bogie os Sa 
WEATHERPROOF LINE WIRE POL LM 
Neoprene or Polyethylene Type Foo ; 
NON-METALLIC SHEATHED CABLES daly 
Types NM, NMC-UF, U/L fie pent 
PARKWAY CABLES 

IPCEA. Rubber or VC Insulation; Lead or 
Neoprene Sheath; Flat, Plain Steel, 
Galvanized, or Steel Armor 

POWER CABLES 

BUILDING WIRE IPCEA. Rubber or VC, or Asbestos and VC 
Insulation; Braid, Neoprene Lead 

Sheath or Interlocked Armor 

SERIES STREET LIGHTING CABLE 

IPCEA. Rubber or Thermoplastic 
Insulation; Neoprene, Thermoplastic 

or Lead Sheath. 

SERVICE CABLES 

Service Entrance, Type SE Styles A, U. 
Type USE, Style RR Service Drop Type SD, 
Style SDC. Self-supporting Service Drop: 
Neoprene or Polyethylene Insulation; 
Rubber Insulation, Neoprene Sheath. 
TREE WIRE 

Rubber Insulated, Neoprene Sheath. 


ASBESTOS CABLES 


Wire ¢ Cable 
Conduit + Plastic Pip 
Bran and Coppertase SV RIANGLE aa ea se Jaliie de INC. 
ew Brunswick, N. J. 
‘ . , Manufacturers of Arteries for Electricity, 


MUST | Be Right! . Liquids and Gases 
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WAGNER Polyphase 
Resilient Mounted Motors a 


copes 


in ratings through 10 horsepower 


Quiet, vibration-free performance is essential when 
motors are installed in areas where noise must be held 
toa minimum .. . in hospitals, churches, schools, office 
buildings, restaurants and similar locations where 
quiet is needed or wanted. 


Such installations have created a need for larger poly- 
phase motors that whisper while they work. Wagner 
has met this need by expanding its line of polyphase 
resilient mounted motors to include standard ratings 
through 10 hp. 


You certainly have applications that call for a smooth 
running motor, cushioned by resilient mountings. 
To make sure they're quiet, specify Wagner Poly- 


phase Resilient Mounted Motors. Only Wagner can 
provide an entire range of ratings through 10 hp. 


Constant research and development have kept Wagner 
up front in electric motor design for more than 65 
years...made the name Wagner one you can de- 
pend on in choosing electric motor drives. 


Your nearby Wagner Sales Engineer can help you 
select the right motor to meet your requirements. 
There are Wagner branch offices in 82 principal cities. 


Wasner Electric Corporation 


6413 PLYMOUTH AVENUE, ST. LOUIS 33, MISSOURI 
WM60-14 


SLEEVE OR BALL BEARING 


These motors are furnished with quiet - 
running steel-backed babbitt-lined 
sleeve bearings of high load carrying 
capacity. Ball bearings can be 
supplied when 

desired, 


CEILING, SIDEWALL OR — 

HORIZONTAL MOUNTING © 
You can mount these motors on walls or 
ceilings by rotating the cradle base 
90° or 180°. Motor stays dripproof, 


NEOPRENE 
CUSHIONING RING 


oil-resistant neoprene 
bonded to steel rings, 
cushion the motor in 
its cradle base to © 
absorb the small — 
amount of vibration 
that remains in the 
most carefully 
balanced motor. 
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UBBEL 


MAKES RUGGED 


cat. No. 7313 


3-WIRE CONNECTOR BODY 
20 AMPS., 250 VOLTS, A.C. OR D.C. 
10 AMPS., 600 VOLTS, A.C. 


Ever since it was first in- 
vented and introduced. by 
Harvey Hubbell, Inc. back 
in 1930, ‘‘Twist-Lock”’ has 
provided greater conven- 
ience, safety and efficiency 
in the operation of motor 
driven tools and other port- 
able electrical apparatus. 
The locking action insures 
positive contact in spite of 
rough treatment, heavy vi- 
bration and other conditions 
that might cause down-time. 

Today, ‘“‘Twist-Lock”’ is 
supplied in types, sizes and 
ratings to fit every industrial 


HUBBELL] 


cat. No. 7311 

3-WIRE CAP ; 

20 AMPS., 250 VOLTS, A.C. OR D.C. 
10 AMPS., 600 VOLTS, A.C. 


and commercial application. 
Units are available in 2, 3, 4 
and 5-wire sizes. Every cap 
and connector body from 10 
ampere to 50 ampere is avail- 
able with ‘‘Seal-Tite’ rub- 
ber covers for weatherproof- 
ing purposes, protection from 
dust and dirt, or from hard 
knocks and rough usage. 
Regular ‘‘T'wist-Lock”’ units 
are supplied grounded and 
not grounded. Special non- 
interchangeable grounding 
types provide protection for 
15 ampere, 125 volt or 277 
volt applications. 


HARVEY 


INCORPORATED 


BRIDGEPORT 2, CONNECTICUT 


In Canada: Scarborough, Ontario 


ELECTRICAL CONSTRUCTION AND MAINTENANCE . . 


engineering 
news 


HARVEY HUBBELL, INCORPORATED 


Engineering Department 


“Twist-Lock” offers many wiring fea- 
tures which simplify installation, elim- 
inate costly service call-backs, and 
provide dependable trouble-free life. The 
following are standard features of all 
regular ‘“‘Twist-Lock”’ units: 


Heavy Duty 
Construction 


SOLID BRASS 
MOLDED-IN INSERTS 
HOLD CONNECTOR 
BODY TOGETHER 
SECURELY 


Trouble-Free 
Wiring 

UPSET BINDING 
SCREWS CAN’T 
COME OUT! 


“Bed-Rock” Blade 
Stability 

BLADES SOLIDLY 
ANCHORED WITH 
MOLDED-IN KNURLED 
RIVETS 

LARGER SPUN- 

OVER AREA 


“Speed-Easy” 
Wiring 

Convenience 
HEAVIER SCREWS 
LARGER BINDING 
HEADS 

TERMINALS RECESSED 
IN CAP FOR EXTRA 
WIRING ROOM 


Armor Plate 
Protection 


RUGGED STEEL 
ARMOR PLATE SHELL 
FOR MAXIMUM 
PROTECTION 
AGAINST BREAKAGE 


Adjustable 
Cord Grip 
HEAVY 
ADJUSTABLE 
CORD GRIPS 
TAKE STRAIN 


FROM 
BINDING SCREWS 
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WHEN YOUR PLANT POWER SYSTEM needs additional capacity, 
capacitors offer an economical solution. By furnishing the mag- 
netizing current that motors and other inductive loads need, 
drawn from the power supply. 


Less current means 


and feeder cir- 


cuits. Overload conditions can often be eliminated, and 


—all from a minimum investment in ca- 


pacitors. To help you meet your expanding power needs 


economically... 


KILOWATTS 


=O 


Without capacitors your system must 
carry magnetizing current or kilovars 
which do no work, but are necessary 
to magnetize the motor. Kilovars take 
up valuable capacity. 


Your General Electric sales repre- 
sentative can help you determine 
the capacitors needed to economi- 
cally solve overload problems and 


With capacitors supplying the kilovars, 
less currentis necessary to do the same 
amount of work. Reduced line current 
means more electrical equipment can 
be added to fully-loaded feeders. 


5, New York. 


permit your system to serve new 


loads. Ask him for bulletin GEA- 


5632, for estimating capacitor 


 kvar needed, and GEC-1331, for 


GENERAL 


Typical indoor, dustproof capa 


selecting units and equipments you 
need—or write to Section 446-09, 
General Electric Co., Schenectady 


ELECTRIC. 
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Men and Materials 


Electrical construction is specific. It is never abstract. Electrical sys- 
tems are useful only after specific products and workmanship have been 
selected, coordinated and competently applied. Electrical work installed 
in place is essentially irrevocable. A vast complex of decisions have to 
be made which must prevail for a substantial period of time. 


Few people outside of the construction field can appreciate the details 
involved in the installation of even the most elementary electrical job. 
The assembly of products is almost deceptively simple in outward appear- 
ance. But each item has been expertly selected for a particular purpose 
or function. And each item is skillfully coordinated with all the other 
parts to which it is connected physically and electrically. 


The physical assembly of an electrical system involves not only the 
selection and application of technical hardware, but skilled supervision 
and workmanship of a high order of competence. The installation must 
also satisfy exacting and often complicated rules, codes and standards. 


Four years ago the editors of this publication produced for the first time, 
a comprehensive guide to modern electrical system design. Last year a 
major revision of the same project was presented and is now published as 
a hard-cover book. However, no comprehensive reference work of recent 
date has been available to this growing, expanding industry on the prac- 
tice of electrical construction. 


. Today we are proud to present an entirely new, book-length, comprehen- 
sive, editorial feature devoted to the actual construction of electrical sys- 
tems. The methods and practices described are fully up-to-date and 
practical. Special attention has also been given to compliance with the 
current (1959) edition of the National Electrical Code. 


The project has been prepared by the same team of engineer-editors who 
produced “Modern Electrical Systems Design” (May 1959), and “Electrical 
Specifications” (May 1958). Every effort has been made to include the 
best and most representative current practice. Every effort has been 
made to be specific and to deal primarily with practical examples. We 
have attempted to fill a major gap in the literature of electrical construc- 
tion. Your comments will be cordially welcomed. 


bm. Wr Ltmat— 
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“If you need it, we have it!” 


Walk in to any Graybar counter and you'll find the lines 
complete. That’s mighty important when you want to move 
fast, or meet tough specs. 

You'll also find the wide range of electrical items that 
makes it practical to buy from one source ... motors, con- 
trols, conduit, fittings, everything from the newest in light- 
ing fixtures to the wiring materials you need for the bread 
and butter jobs. There’s real technical help. Orders are 


Graybar Service includes: Objective rec- 
ommendations. On-the-job technical help. 
Most complete lines. Planned stocks to meet 
your needs. Expert counter service. Speedy 
handling of will-calls. 


420 LEXINGTON AVENUE, NEW YORK 17, N.Y. @ 


GraybaR 


ELECTRIC COMPANY, 


tH 


7 


nes 


se Reese 


| 


assembled fast. There’s even a phone handy — for your use 

Moreover, the Graybar Counterman is but one of severa 
well trained men on the Graybar electrical contractor serv- 
ice team. The others are: Inside Salesman, Field Salesman, 
Specialists. The job of all of them: to reduce your costs, 
speed your work, help build your business. 4 

Isn’t it about time you tried Graybar? Call us. See how 
fast we move for you. N72 


INC 


OFFICES IN OVER 130 PRINCIPAL CITIES » 


DABS SC 
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CONSTRUCTION 


AND MAINTENANCE 


An original manual .. . 


Constructing 
Electrical 
Systems 


wit 


A comprehensive report on the selection and installa- 


SS 


SS 


tion of electrical equipment in modern systems for 


SS 


power, light, heat, signals and communications—with 


SSS 


we 


special emphasis on the requirements of the National 


NS 


SSN 


Electrical Code covering placement, mounting and 


connecting of system components. 
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General 


sists in the selection and instal- 

lation of physical equipment to 
fulfill the design of an electrical sys- 
tem. Simply stated, it is the execu- 
tion of electrical design. 

Any electrical system must first 
be designed to accomplish flow of 
current under controlled conditions 
of voltage and load. All character: 
istics of electrical circuits—resist- 
ance, reactance, impedance, nor 
currents, fault currents, voltage 
power factors, demand load, regul 
tion, capacities of component equi] 
ments—are evaluated and recon 
ciled to design objectives. Then the 
purely electrical requirements mus 
be translated into an installed sys 

; x B/ tem of actual materials, equipment 
NATIONAL § . and devices. Electrical hardwar 
—!TRICALE . must do the electrical job and simul 


taneously measure up to certai 
DDE | 4 
: | 4 ue 


f sists inthe construction con- 


physical requirements: 

Its construction must first ma 
it safe for use by minimizing th 
hazards of exposed live parts. 

Its housing must protect 


> EQUIPMENT &i) against accidental damage. 5 
i Its insulation must assure fr 
CATALOG liable separation between live par' 
. and non-current-carrying metalli 
parts. 


Construction must suit equi 
ment to particular severity of dut 
—use in hazardous, wet, contam! 
nating or corrosive atmosphere; U 
at temperature extremes; frequel 
operation of moving parts; expo 
ure to electrical transients and ove? 
loads; exposure to thermal am 
magnetic stresses of short-circul 
faults at point of application; co 
tinuous operating duty. 

Equipment must be suited to th 
mounting and/or suspensic¢ 
method used. Physical size muy 
be related to space requirement 
Weight must be checked again} 
strength of floor or wall or oth) 
structural bearing part. e 


Considerations @ : 


Place of installation must also be 
considered. Major distribution ele- 
ments—transformers, panels, regu- 
lating. equipment — should be 
grouped for ready maintenance. In 
commercial and institutional in- 
teriors, equipment should be con- 
cealed as much as possible. And 
where necessary, equipment operat- 
ing noises—transformer hum, relay 
and contactor chatter, ballast hum, 
noise of rotating equipment—must 
be isolated by means of special 
mounting methods or by sound- 
proof enclosure. 

These and many other purely 
physical considerations must be 
carefully correlated with the purely 
electrical requirements of any elec- 
trical system. But there are a num- 
ber of general considerations which 
should be made prior to start of 
electrical work. These involve the 
general responsibilities of the in- 


TYPE OF 
HOUSING 


SAFE 
CONSTRUCTION 


PLACE OF 
INSTALLATION 


staller and outline his correlation 
to other contractors and to the 
architect or engineer. 

Electrical construction work 
should always be carefully coordi- 
nated with structural, architectural 
and mechanical work. On new con- 
struction or modernization work, 
the installer should examine the 
relation of electrical work to that 
of other trades, to determine if 
there are any conditions which 
would interfere with perfect work- 
manship by the electrical installer. 
Where the electrical installer works 
in conjunction with installers of 
plumbing, heating, ventilating and/ 
or air conditioning equipment, he 
should fully understand the nature 
and extent of their work as set 
forth in any plans or specifications. 

The electrical installer should 
also establish a fixed sequence of 
operations on any job, scheduling 


his work progress to correspond 
with proper stages of other con- 
struction. Roughing-in, embedding 
of conduit in concrete, recessing of 
lighting fixtures, and other steps in 
electrical work must be done in 
proper time relation to structural, 
concrete, lathing and plastering 
work. Such a schedule will assure 
a uniform rate of progress, without 
holdups and hurry-ups for any 
trade. 

Another important general con- 
sideration in electrical construction 
is checking of space requirements. 
Plans and specifications should be 
carefully checked against the actual 
building as it is constructed, to in- 
sure that sufficient space is avail- 
able for switchboards, panels, trans- 
formers, conduits, busway, and 
other electrical hardware. Specific 
equipment locations should be veri- 
fied on the job. Problems in this 


OPERATING 
DUTY 


REQUIRED 
MOUNTING 


METHOD 


SELECTION AND INSTALLATION OF EQUIPMENT 
ARE RELATED TO MANY PHYSICAL FACTORS 
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General Code Rules on Electrical Construction 


1. Conductors and equipment are acceptable for 
use under code regulations only when approved by 
the authority enforcing the code. Approval, there- 
fore, does not require listing by the Underwriters’ 
Laboratories; although an individual inspector might 
base his acceptance on such listing. 

2. Suitability of equipment—materials, devices, 
fittings, apparatus and appliances—for use under 
the code is based upon— 

a. Conformity with code provisions. 

b. Mechanical strength and durability, including 

adequate protection by enclosures or housings. 

c. Effective electrical insulation. 

d. Heating effects under normal and abnormal 

conditions of use. 

e. Arcing effects. 

3. Current-interrupting devices—switches, relays, 
contactors, fuses and circuit breakers—must have 


sufficient capacity and strength to safely perform ~ 


their current-breaking tasks. For switching devices, 
this means ability to interrupt normal load cur- 
rents and any overload or fault currents which the 
device might be called upon to break. For an 
overcurrent protective device, this means ability to 
interrupt fault currents which could occur at the 
point of application of the device, without damaging 
or destroying itself in the act of interrupting. In 
particular, this means that short-circuit protective 
devices must be rated in interrupting capacity to 
safely break the maximum current which the circuit 
can deliver into a bolted short on its load terminals. 


PLUMBERS 


PLASTERERS 


COORDINATED WITH OTHER TRADES 


An exception to this requirement on current-inter- 
rupting ability is made in the case of isolating 
switches which are designed to isolate a circuit after 
the load current has been interrupted by some other 
device. 

4. In deteriorating atmospheres—damp or wet lo- 
cations or where gases, fumes, vapors, liquids or 
other agents which have a deteriorating effect are 
present—electrical equipment must be approved for 
the conditions of application. 

5. Electrical equipment must be firmly secured to 
the surface on which it is mounted. 

6. Suitable working space must be provided and 
maintained about all electrical equipment. Working 
spaces adjacent to exposed live parts must not be 
used as passageways or for storage. 

7. Exposed live parts of equipment operating at 
50 volts or more shall be guarded against accidental 
contact by enclosure or by locating the equipment— 

a. In a room or enclosure accessible only to 

qualified persons; 

b. On a balcony, gallery or platform, elevated 

and arranged to exclude unqualified persons; 

c. Elevated 8 ft or more above the floor; 

d. So that it will be protected by a guard rail if 

the equipment operates at 600 volts or less. 

8. Maker’s name, trademark or other identification 
symbol must be placed on all electrical equipment. 
Other markings must be provided giving voltage, cur- 
rent, wattage or other ratings as prescribed in specific 


sections of the code. 


ELECTRICAL WORK MUST BE CAREFULLY 
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matter should be carefully antici- 
pated and solved. As necessary, the 
electrical installer should work 
closely with other installers and 
with the architect or consulting 
electrical engineer. 

Other common rules which are 
applied to electrical construction 
are as follows: 

1. As far as possible, use stand- 
ard equipment to facilitate later 
maintenance of the system. 

2. Cooperate fully with any and 
all inspection authorities. 

3. On all changes from plans and 
specifications, check with the archi- 
tect or engineer before commencing 
work and obtain written confirma- 
tions. 

4, Obtain written approval be- 
fore purchase and installation of 
any and all equipment for which the 
specifications require approval and 
for any equipment which is a sub- 
stitution in make or type for that 
specified. 

5. Observe National Electrical 
Code rules and any local or special 
code rules on installation of elec- 
trical equipment. 
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rawings of equipment and submit 
- them to the architect or engineer 
for approval, as required in the 
plans or specifications. 

7. Carefully read and fully un- 
derstand any spec requirements on 
testing systems and components for 
shorts and grounds. 

8. Keep a running record of all 
changes and revisions in original 
design and record these on a set of 
original cloth drawings. 

9. Obtain and pay for all permits 
necessary for performance of the 
job and pay all costs for inspections 
and certificates. 

10. Use the Dndeonetens’ Lab- 


SCHEDULE OF JOB OPERATIONS 


MUST BE CLEARED WITH 


ASSURES STEADY WORK PROGRESS 


CHANGES FROM PLANS AND SPECS 


THE ENGINEER AND/OR ARCHITECT 


peti Si eas vas eI ype gy 


syatonen lists Oe Mecenta ble. equip- 


ment in selecting equipment for the 
electrical system. 

11. Provide on-the-job housing 
or other protection against loss or 
damage for all equipment and ma- 
terial delivered to the site of work. 

12. Upon completion of electrical 
construction work, clean all exposed 
conduit, fittings, fixtures, equip- 
ment, and accessories of all dirt, 
mortar, grease, oil, stains or other 
surface imperfections. Remove 
paint spots or runs. 

Of course, the foregoing require- 
ments will vary from job to job. 
Large jobs are different than small 
jobs. Modernization work differs 


Be fed ast ath bd 


from new neonatructlon The in- 
staller must adapt his performance. 
The following pages present a 
comprehensive analysis of electri- 
cal construction. Tested trends of 
particular merit are highlighted. 
National Electrical Code rules are 
summarized and illustrated. To pro- 
vide ready reference to this data for 
day-to-day design and construction 
work, the presentation is broken 
down according to basic product 
types. First, utilization equipment 
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is covered. Then, the common ele- 
ments of electrical distribution are 
treated in sequence. Finally, cate- 
gories of special equipment and sys- 
tems are studied. 
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Luminaires and 


Lighting Equipment 


ance on luminaires and lighting 

equipment is a joint problem 
shared by the installing electrical 
contractor and by the lighting 
equipment manufacturer, or manu- 
facturers. This joint responsibility 
is brought about through certain 
code requirements which hinge on 
equipment design and construction, 
such as operating temperatures of 
lighting units in contact with struc- 
tural materials, or metal gages and 
wire sizes, etc., which are covered 
in the code. Thus certain code re- 
quirements can be fulfilled, practi- 
cally only by the manufacturers. On 
the other hand, the electrical con- 
tractor has the ultimate responsibil- 
ity for complying with the code, and 
he must therefore see to it that any 
and all lighting units or lighting 
equipment installed on his jobs 
meet all the applicable code require- 
ments. He must further be sure 
that installation techniques used in 
installing the lighting units and 
equipment comply with all other ap- 
plicable code requirements. 

This responsibility poses no par- 
ticular hardship on the electrical 
contractor, since he is a specialist 
in this field of electrical construc- 
tion work in the first place, and usu- 
ally knows quite well the local elec- 
trical inspector who must inspect 
and pass on the compliance of the 
installation with the applicable code 
rules. Thus, if a new type of unit 
is used on a job, or a new installa- 
tion technique seems indicated, the 
electrical foreman is well advised 
to discuss it in detail with the in- 
spector before proceeding with the 
work. 

The number of ways of installing 
luminaires and lighting equipment, 
al' in accord with the code require- 
ments, are many. Hach electrical 
foreman usually has his own special 
methods which he uses. Presented 
herein are some typical installation 
methods, and mounting techniques. 
These are not intended to be all- 
inclusive, but are considered more 
or less typical of the various tech- 
niques being used. 


Te PROBLEM of code compli- 


Surface Mounted 
Luminaires 


Through the 80-year history of 
the electric lighting industry, most 


SURFACE MOUNTED fluorescent lumin- 
aire is attached to rigidly-supported out- 
let box by means of a fixture stud. 


PENDANT MOUNTED luminaire is at- 
tached to fixture stud in outlet box, which 
is a typical mounting method. 


LIGHTWEIGHT LUMINAIRES may be 
attached to the outlet box by means of 
a fixture strap. 


Outlet box 
Fixture stud 


Mechanical 
support only 


FLUORESCENT LUMINAIRES usually re- 
quire more than one point of support, 
and mechanical support is therefore pro- 
vided by structural means at points: other 
than outlet boxes. 


—- 


J 
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‘he permanently installed type have 
peen surface mounted on ceiling or 
wall outlets. Thus the methods used 
nave become more or less universal. 
The introduction of fluorescent 
jamps and luminaires more than 20 


Roof beams 
Fusible plug 
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Chain suspension ——>' 


TROLLEY-DUCT aitached to bottom of roof beams provides 
voth electrical service and means of mechanical support. 


‘receptacle Cord 


Roof truss 


roe chord ————a4 


2x2" L cleat —> ff 
(ae —y 


Standard 2-way 
34" junction Pye 


jes ore 


Side view Cross section 


ANGLE IRON sections attached to bottom chords of roof truss 
provide support for conduit fittings and luminaires. 


BRACKET PENDANT 
‘Truss. MOUNTING MOUNTING 


ERCURY REFLECTOR units and necessary accessory trans- 
formers may be mounted in a variety of ways. Typical bracket 
and pendant mounting methods are shown here. 


Continuous channel support 


Side elevation 


Wireway 


EN 


Cross section 
CONTINUOUS STEEL channel provides continuous line of 
support for industrial fluorescent luminaires, and may be sup- 
ported by rod from ceiling structure at unequal spacing points. 
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juminaires and lighting units of years ago brought about the need 
for certain new installation and 
mounting techniques. Luminaires 
have become too large and too bulky 
for mechanically safe mounting 
from an individual electrical out- 
let. Also, the use of continuous row, 


equipment further outmoded the 
practice of supporting equipment 
from outlet boxes only. Various me- 
chanical methods have been devel- 
oped, ranging from a lag-bolt em- 
bedded in a concrete slab ceiling, to 
trolley ducts and fittings. 


TROLLEY-DUCT may be supported by suspension cable which 
is partly rod-supported from ceiling. 


GENERAL CODE REQUIREMENTS 


The National Electrical Code requirements relating 
to the physical installation and electrical connection of 
luminaires (lighting fixtures) and lighting equipment are ; 
mainly practical and reliable techniques designed to pro- ! 
vide minimum safety and protection against electrical 
hazards and electrically-caused fires. Only some of the 
more general requirements are presented and discussed 
here; the complete requirements are given in Article 410 
of the National Electrical Code. ) 

Generally, code requirements for lighting units may ‘ 
be considered as those requirements usually considered 
as structural and electrical practices deemed necessary for 
safe and reliable operation. Specific code requirements i 
must be followed in all instances wherever they apply. 
These specifics, however, will usually be fulfilled if the 
general practices outlined below are followed. 

1. Install and mount all luminaires and lighting equip- 
ment according to usual structurally-sound principles 
and practices. 

2. Install all lighting units in such manner that heat 
will be dissipated rapidly, and does not concentrate in 
small areas (in excess of 90° C, or as required by the 
code). 

3. Select and use only luminaires and lighting equip- 
ment which are structurally well designed and con- 
structed, and which use quality parts and materials 
throughout. 

4. Use only approved types and sizes of wire, and be 
sure that all live terminals, parts, junctions, etc. are 
properly taped and covered and otherwise concealed from 
access by unauthorized persons. 

5. When installing recessed types of lighting equip- 
ment, be sure that equipment is well ventilated, and is 
not installed in space which will’ become a dead air 
pocket, or which will otherwise contribute to operation in 
excessively high temperatures. 

If these five general rules are followed in the mount- 
ing and installation of lighting units, both in concept 
and specifically, most of the applicable code requirements 
will be met automatically. It is important, however, that 
all local and national code rulings be known and ob- 
served. Thus all code requirements should be studied 
and followed wherever they apply specifically. 


WALL URNS are attached to brick col- 
umns by means of lag screws, and lead 
sheathed cable is run exposed on brick- 
work to supply power to units. 


Fi 


CONTINUOUS ROW single-lamp fluores- 
cent luminaires are attached directly to 


surface-mounted raceway to light library 
stack shelves. Switch leg is run in conduit. 


: 
i 
SPOTLIGHT on adjustable bracket arm 
is mounted on trolley duct by means of 


special plug, receptacle fittings—may be 
used in show windows and elsewhere. 


Recessed Incandescent Luminaires i 


The trend to the mounting of 
lighting units flush in the ceiling 
began back in the mid-1930s, or 
about 25 years ago. Introduction 
of reflector-type spot and flood 
lamps in the late 1930s, and the sub- 
sequent design of metal housings 
for these lamps, dubbed “high hats” 
because of their typical shape, 
sharply spurred this trend which 


Nae, 


Specular 
reflector 


has continued to the present time. 

Installation techniques for re- 
cessed incandescent units vary in 
detail from one manufacturer’s 
product to another, and according 
to type of ceiling construction. The 
basic principle for all units, how- 
ever, is the same. A metal housing 
holds the lamp, and such accessories 
as louvers, baffles, lenses, color 


: 


rings, etc. A plaster ring, or ceil- 


ing flange of some type, is used to 
provide a suitable opening for thes 
metal housing, which in turn has a_ 
provision for attaching it to the 
building structure by means of 
bolts, screws, clips, flanges, or 


:, 
4 
a 
otherwise. Some typical installation © 
techniques are shown in the accom 


panying photographs. 


‘Wireway 4 
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“Cast finishing flange 


LOW-BRIGHTNESS reflector unit for spot or flood reflector 
lamp is mounted flush in ceiling, using flangeless construction, 
"by means of mounting angles which rest on single plaster ring. 


i 
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Matte black boffles 


BAFFLE-RING unit is recessed flush in ceiling by means of 
simple brackets end screws, and opening is given a finished 
appearance by simple aperture plate. 


SHOW WINDOW REFLECTORS are recessed simply by allow-— 
ing unit to rest on a cast finishing flange. Flexible conduit — 
length is used between reflector socket and wireway nearby. 


) 
45° travel 


Aperture cover pan 
Plastic louver panels 
ADJUSTABLE SPOTLIGHTS can also be recessed, and unit 
here is shown mounted flush in a plastic louver panel. Unit has 
a 45° travel. ; 
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‘BOTH WIRING and mounting details are 
shown here, where units are recessed in 
space adjoining a catwalk. 


Fluorescent luminaires are inher- 
ently large and bulky, because of 
the nature and shape of fluorescent 
lamps with which these units are 
designed to be used. Also, modern 
lighting levels require a large num- 
ber of lamps to provide the amount 
of light needed. With all these lu- 
inaires exposed in the areas which 
hey are to light, a very cluttered 
ppearance results. Because of this, 
nd also because of a growing trend 
0 combine light and architecture, 
structurally and design-wise, much 
of the fluorescent lighting being in- 
talled today is of the recessed type. 
‘Methods used to recess fluorescent 
uminaires vary greatly. Some of 
he construction and mounting 
ethods are shown in accompany- 
ng photos. 


SPECIAL U-CHANNEL framing was used to provide suitable 
support for a large 500-watt unit recessed in ceiling. 


to support this 
recessed incandescent housing in a plaster ceiling. 


PLASTER RING and furring channel are used 


ATTIC VIEW shows mounting details fo 
ellipsoidal reflector installed in a horizon- 
tal ceiling. Note the use of bent angle 
iron, and strap iron mounting clips. 


ELLIPSOIDAL REFLECTORS are often 
used for lighting high ceiling areas in 
commercial or public structures, and 
can be installed flush in either horizontal 
or angle ceilings. 


Recessed Fluorescent Luminaires 


WIRING connections in attic space are shown for 2-ft-sq fluorescent units, 
recessed flush in a plaster ceiling. 
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SUSPENDED PLASTER CEILING MOUNTING 


PLASTER FRAME provides clean opening for recessed fluorescent troffer in plaster 
ceiling. Suspension straps attached to furring channels support troffer and hold it 


rigidly in place. 


Suspension —— 
strap 


Channel 


ACOUSTICAL CEILING MOUNTING 
WITH CONCEALED SUSPENSION 


TROFFERS will also fit snugly into acous- 
tical ceilings using concealed suspension 
mounting. Troffers attach to suspension 
strap which is supported by U-channel. 


A major lighting trend over the 
past decade has been that of dif- 
fuser ceiling lighting, including sys- 
tems which use both diffuser and 
louver ceiling panels. This type of 
lighting goes beyond the concept of 
recessed lighting systems. Like re- 
cessed lighting, however, all of the 
equipment is installed above the 


| Diffuser 


| Boffle, 


TaTAC Amami” a oe 


INTEGRAL SYSTEM 


THREE TYPICAL INSTALLATION METHODS FOR DIFFUSER CEILING LIGHTING SYSTEMS 


DIFFUSER CEILING lighting systems are classified according to one of three basic types, as illustrated above. These basic typ 
are based on installation techniques and methods of support, primarily, as indicated. q 
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SUSPENSION and wiring details for a 
typical 4-lamp 24-in. wide shallow troffer 
unit are shown in this view. JB is acces- 
sible when fixture is lowered. 


Diffuser Ceiiing Lighting 


ceiling. Its difference is that the 
ceiling itself becomes part of the 
lighting system in a system of dif- 
fuse ceiling lighting. 

There are many manufacturers 
of diffuser ceiling lighting systems, 
and each producer usually has his 
own installation methods and tech- 
niques, in some cases based upon 


Lamp 


Diffuser 


ae 


COMPONENT SYSTEM 


Metal housing 
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Luminaire 


LUMINAIRE SUPPORTED ON GRID TEE 
ACOUSTICAL CEILING CONSTRUCTION © 


TROFFERS lay in place easily and are 
supported by grid tee acoustical ceilings 
construction, 


Luminaire 
Channel 


TEE-BAR CONSTRUCTION SUP=— 
PORTS CEILING AND LUMINAIRES 


TEE-BAR construction is another typical — 
method used for supporting acoustical 
ceiling panels, and troffer units are mada 
by some lighting manufacturers. : 


the use of patented devices and ac- 
cessories. Here too, however, the 
installation techniques can be classi- 
fied in general under three broad 
types. These three types are illus- — 
trated by the accompanying draw- 
ings. Manufacturers of specific 
types of ceilings will gladly supply 
installation and mounting dean 


Ceiling 
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SELF CONTAINED- HOUSING 


White enamel reflector 
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Plastic diffuser 
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Supply and return of Fh peace a = Air slots 
Partition groove 
SIDE VIEW 


CROSS SECTION 


MULTI-FUNCTION LIGHTING SYSTEM- PROVIDES LIGHT, DISTRIBUTES 


AIR, BLOCKS SOUND, ANCHORS PARTITIONS 


MULTI-FUNCTION lighting systems are a refinement of the idea of diffuser ceiling 
lighting, and provide light, distribute air, block sound, and anchor partitions, as 
indicated in this drawing. Entire system, except for air ducts, is made and supplied 
by lighting equipment manufacturer, and installed by the electrical contractor. 


COMPONENT diffuser ceiling system is 
of simple construction, and consists of 
diffusers, diffuser panel T-tracks, wireway 
strips, and support rods or wire. Electrical 
connections are made at end of wireways, 
as shown. 


INTEGRAL diffuser ceiling lighting sys- 
tem consists of wireway housing modular 
grid framework, sound baffles between 
modules, partition or acoustical baffle 
grooves, air diffuser outlets, and sprinkler 
outlets. Entire ceiling goes up as an in- 
tegral structure. 


Large Area—Low Brightness Luminaires 


A compromise approach to light- 
ing design between individual lu- 
minaires or continuous row narrow 
units on the one hand, and overall 
wall-to-wall luminous ceilings on 
the other hand, is that of large area 
units of low surface brightness, 
such as 4 ft by 4 ft and larger, but 
not wall-to-wall. These large area 
units may be suspended, surface 
mounted on the ceiling, semi-re- 
cessed, or fully recessed flush in the 
ceiling. 3 

Mounting methods for these 
large-area units vary, but in general 
the units are supported at four or 
more points, and suitably connected 
directly to the structural members 
of the ceiling by one method or an- 
other. Typical details are shown in 
the ,accompanying sketches and 
photos. In general, manufacturers 
cooperate with the electrical con- 
tractors in providing suitable 
means for supporting the units 
properly and in an approved man- 
ner. 


i 


opening. 
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MODULAR 4-ft-sq luminaire is hoisted in place by means of electric hoist. 
Metal housing will be attached to bracket clips shown exposed in ceiling 
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SURFACE INSTALLED ON CEILING 
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SUSPENSION MOUNTED 
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SEMI-RECESSED IN CEILING 
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FLUSH RECESSED IN CEILING 


FOUR METHODS for installing large area - low brightness luminaires are 
shown in this drawing—surface mounted, suspended, semi-recessed, and 
recessed, Suitable means must be provided in each type of mounting to 
adequately support the luminaire directly from the ceiling structure. 


Troffers with 35°/25° shielding 


DIRECTION OF VIEWING 


Troffers with 35°/45° shielding 
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CAVITY in ceiling serves as reflector for 
this large area - low brightness unit. 
Metal frame supports diffuser panel, and 
has suitable finish for ceiling opening. 


HOUSING for combination incandescent- 
fluorescent luminaire is held in place by 
rods anchored in ceiling slab above. A 
regressed-finishing flange will provide 
concealment of space between housing 
and ceiling line. 


Lighting Maintenance 
Provisions 


Many lighting installations are of 
such nature that provisions must 
be made for cleaning and relamping 
the equipment at the time of in- 
stallation. This is especially true 


ORIENTATION of luminaires is a prob- 
lem which always faces the lighting de- 
signer, or the electrical contractor when 
the lighting layout has not been detailed. 

In offices, drafting rooms, classrooms, 
and similar areas, when opaque-sided 
luminaires are being installed, it is pref- 
erable to orient the units so that occu- 
pants face the side with the greatest 
shielding. Luminaires with luminous sides 
should generally be installed so that they 
are viewed lengthwise. 

In the illustrations to the left if occu- 
pants face lengthwise (see arrow) in the 
room, opaque-sided luminaires with 35/ 
25 shielding should be installed cross- 
wise in the room so that workers will face 
the side with the 35 degree shielding. If 
the units have 35/45 shielding, install 
them lengthwise so that the 45 degree 
shielding will normally be viewed. 

When continuous row equipment tends 
to produce too much of a “‘bowling alley’’ 
effect, the rows can be broken. 


of high bay lighting jobs, and of 
ceiling-recessed equipment which is 
to be serviced from above the ceil- 
ing. However, maintenance provi- 
sions should also be considered for 
every lighting installation, and in- 
stalled whenever it is indicated that 
economies would result from such 
provisions. Some of the things that 
can be done include the use of dis- 
connect devices and lowering de- 
vices for hard-to-get-at lighting 
units, installation of catwalks, and 
walkways adjacent to lighting units 
and such methods as shown at right. 


1. Luminaires, lampholders, rosettes and other lighting 
equipment must be securely supported. 

Outlets for luminaires shall be designed for the 
purpose, and outlet boxes and fittings which are 
firmly secured to the building construction, such as 
concrete, masonry or other building material, are 
considered as securely fastened. 


Strapiron 


Outlet box 


2. Any luminaire may be attached to an outlet box 
where the box will provide adequate support, but 
units which weigh more than 6 lbs, or exceed 16 in. 
in any dimension, shall not be supported by the 
screw shell of a lampholder. 

A normal method of securing an outlet box in 
place is to use strap iron attached to back of outlet 
box and fastened to studs, lathing channels, steel 
beams, etc. nearby. Light weight units are sometimes 
attached to outlet box by means of screws through 
luminaire canopy which thread into outlet box ears, 
or flanges, tapped for this purpose. For heavier 
luminaires, fixture studs, hickeys, tripods or crow- 
feet are normally used. 


Luminaire Mounting for Units Weighing 
Up to 50Ib. 


OUTLET BOX RIGIDLY SUPPORTED 


3. A luminaire which weighs more than 50 Ibs must be 
supported independently of its outlet box. 

Various techniques are used for mounting lumi- 
naires independently of the outlet box, depending 
somewhat on the total ‘weight of the individual 
luminaires. In general, pipe or rods are usually 
used to attach the luminaires to the building struc- 
ture, and the electrical circuit is made by using 
flexible armored cable between the luminaire and 
the outlet box concealed in the ceiling cavity. If 
provision is made for lowering the luminaire, by 


MAINTENANCE of lighting equipment is simplified by a trolley-mounted 
cage which provides access to any point in the equipment-stuffed area. 


CODE RULES ON LIGHTING EQUIPMENT 


means of winch or otherwise, provision must also 
be made for disconnecting the electrical circuit. 


es 


Units weighing 
over 50 Ib. 


UNIT SUPPORTED INDEPENDENTLY 
OF OUTLET BOX 


4. Luminaires, lampholders, lamps and rosettes shall 
have no live parts normally exposed to contact. 


5. Luminaires shall be so constructed and so installed 
that, when near combustible material, this material 
will not be subjected to temperatures in excess of 
9OZGr(1O4 ser): 

The NECode requires that various precautions be 
taken to prevent excessive temperatures in lumi- 


Combustible material 


Noncombustible 
Temperature-not over 90°C (194°F) 
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naires, outlet boxes, and in proximity with combus- 
tible materials. Luminaire construction and method 
of installation shall be such that conductors in out- 
let boxes shall not be subjected to temperatures 
greater than that for which the conductors are ap- 
proved. Where a fluorescent luminaire, containing 
a ballast is to be installed on combustible low- 
density cellulose fiberboard it shall, where surface 
mounted: 1) be approved for this condition, or 2) 
be spaced not less than 11/2 in. from the surface of 
the fibreboard. 

6. Wiring conductors in luminaires shall not be smaller 
than No. 18, and shall be so arranged that they 
are not subjected to temperatures above those for 
which they are approved, based on type of insula- 
tion used on the conductors. 

7. Luminaires shall not be used as a raceway for circuit 
conductors unless the luminaires meet the require- 
ments for approved raceways. The conductors of 
the single branch circuit supplying the luminaires 
may, however, be carried through luminaires ap- 
proved for end-to-end assembly to form a contin- 
vous raceway. 

Most self-contained fluorescent Juminaire units 
now available are designed for end-to-end assem- 
bly. Each luminaire contains a metal body, or hous- 
ing, which serves as the structural member of the 
luminaire and provides a housing for the ballast, 
wiring, etc. which is of sufficient size to permit 
running the branch circuit wiring through the unit. 
Each luminaire is then tied to the branch circuit by 
means of a single tap. When approved as a race- 
way, any number of branch circuit conductors may 


be installed within the capacity of the raceway. 
When housings are approved as raceways, lumi- 
naires carry an Underwriters’ Laboratories label 
which states “Fixtures Suitable for Use as Raceway.” 
Luminaire body—~> — | Use for conductors 
| only if approved for 
ie raceway 
except 
may be used 
& GG for branch 
Circuit 
supplying unit 

8. Luminaires shall be constructed of metal, wood, or 
other approved material, and shall be so designed 
and assembled that they are adequately strong 
and rigid. 

9. Resistors or regulators for mercury-vapor lamps shall 
be enclosed in noncombustible cases, and treated 
as sources of heat. 

10. Luminaires which are installed in recessed cavities 
in walls or ceilings shall be so constructed that ad- 
jacent combustible material will not be subject to 
temperatures in excess of 90° C (194° F). 

Heat is a major problem in lighting system design, 
and with the trend to the use of recessed luminaires 
and equipment, the problem is increased. In the 
case of luminaires using incandescent lamps, the 
problem is primarily the prevention of concentrated 
spots of heat coming into contact with the building 

_ structure. In the case of fluorescent luminaires, the 
major heat problem is related to the ballast, which 
can build up severely high temperatures when not 

| properly ventilated, or designed for cooler opera- 
tion through adequate radiation and convection. 
These are problems which must be solved 1) through 
proper luminaire design, and 2) through proper 
installation methods and techniques. 
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Luminaires shall not subject adjacent combustible material to a 
temperature in excess of 90°C (194° F). 

11. Sheet metal enclosures for recessed luminaires shall 

not be less than No. 22 USS gauge, and shall be 
suitably protected against corrosion. ’ 


uy cp te eae ats 


); d 
/™Housing not less than No.22 gauge 
‘and protected against corrosion, 


12. Metal luminaires, transformers and transformer en- 
closures on circuits operating at more than 150 volts 
to ground shall be grounded 

In general, all lighting equipment and luminaires 
must be grounded. Such luminaires and equipment 
shall be considered as grounded where mechanically 
connected in a permanent and effective manner to 
metal raceway, the armor of armored cable, the 
grounding conductor in non-metallic sheathed cable, 
or to a separate grounding conductor not smaller 
than No. 14. 


METAL LUMINAIRE, TRANSFORMER AND TRANS~ | 
FORMER ENCLOSURE MUST BE GROUNDED. 


13. Voltage to ground on branch circuits supplying 
luminaire outlets and lighting equipment outlets 
shall not exceed 150 volts, except 1) in industrial 
establishments the voltage of branch circuits which 
supply luminaires mounted not less than 8 ft from 
the floor and which do not have integral switch con- 
trol, shall not exceed 300 volts to ground, and 
2) in industrial establishments, office buildings, 
schools, stores, and ‘public and commercial areas. 
of other buildings, the voltage of branch circuits 
which supply only the ballasts for electric discharge 
lamps in permanently installed luminaires mounted 
not less than 8 ft from the floor, shall not exceed 
300 volts to ground. 

14. A temperature higher than 90° C (194° F), but not — 
higher than 150° C (320° F), is acceptable where a 
luminaire is recessed in fire-resistant material in a | 
building of fire-resistant construction, if the luminaire — 
is plainly marked that it is UL-approved for that 
service. 

15. Lighting coves shall have adequate space and shall 
be so located that lamps and lighting equipment — 
and accessories can be properly installed and 
maintained. 


sidered in choosing a motor for 

a specific application include (1) 
electrical supply; (2) horsepower, 
torque and speed; and (3) motor 
enclosure. 

(1) Alternating current is used 
predominantly today, although the 
trend to automation and the result- 
ing need for wider speed ranges 
has brought back de motors to many 
plants. In general, however, the 
cost of de motors and associated 
equipment will usually dictate use 


Psiaerea i which must be con- 


of ac components where no unusual 


requirements are involved. Use of 


| single phase or polyphase supply 


and motor sizes and designs avail- 


| able in each type will influence the 


choice. Special functions favoring 
high-cycle operation may require 


| conversion equipment for use on 


standard 60-cycle lines. Certain 
motors are affected more than 


others by variations in line volt- 


age and frequency; hence system 
stability should be investigated. 
(2) Horsepower, torque and 
speed are inter-related, one affect- 
ing the other. Characteristics of 
the driven load and its power re- 
quirements must be known. For 
maximum economy in cost and 
space, it is important that motor 
size be no greater than demanded 


_ by the load and duty cycle. On the 


other hand, an undersized motor 
will have a reduced life expectancy 


Design B: 


full load. 
Design C: 


torque on starting. 
Design D: 


Motors and Controllers 


due to overloads. Where equipment 
manufacturer’ load data is not 
given, tests must be made to deter- 
mine torque requirements. If the 
load varies during normal opera- 
tion, the effective horsepower must 
be determined taking into consider- 
ation the duty cycle, the effective 
horsepower being that load which 
would produce the same tempera- 
ture rise under continuous opera- 
tion. 

(3) Motor enclosures protect the 
motor’s parts from external damage 
and contaminants as well as the 
operating personnel from condi- 
tions arising due to motor failure. 
The specific application and nature 
of any contaminants present will 
dictate the best enclosure for the 
job. NEMA Standard MG-1-1.21 
defines standard enclosures (see ac- 
companying box for summary). 

Moisture problems require spe- 
cial consideration. Suitable guards 
or enclosures must be provided to 
protect exposed current-carrying 
parts of motors and the insulation 
of motor leads where dripping or 
spraying oil, water, or other in- 
jurious liquid may occur, unless the 
motor is specially designed for the 
existing conditions (NEC Sec. 
430-11). 

Such contaminants may be en- 
countered both indoors and out- 
doors. A motor having an enclosure 
designed for the purpose is to be 


NEMA Designs 
(Polyphase Squirrel Cage Induction Motors) 


Design A: Locked-rotor current is higher, locked-rotor torque is 
the same, and break-down torque is higher than 
standard Design B Motors. 


Characteristics, used as a standard for comparing 
those of other types, are suitable for most applications. 
Efficiency is relatively high; power factor is good at 


Locked-rotor torque is higher, break-down torque is 
lower, and locked-rotor current and slip are the same 
as Design B motors. Efficiency and power factor are 
sacrificed to some extent to achieve higher initial 


Torque and slip are high, useful for loads involving 
high inertia and frequent load changes. 


Design F: Both torque and starting current are low. 


rr ga Pee a 
Fi 5 


preferred, especially outdoors, 
where winds, driving rain, etc., 
may penetrate other makeshift en- 
closures. Where the condition is 
not severe, such as encountered in 
the vicinity of spray-producing in- 
dustrial machines or a dripping 
water pipe, a sheet metal enclosure 
over the motor, a baffle between the 
motor and source of injurious 
liquid, or a shield to channel off the 
drippings may be used. 

Failure to observe these precau- 
tions is likely to result in absorp- 
tion of moisture by the motor wind- 
ings, followed by lowered insulation 
resistance and ultimate breakdown, 
with fire as an ever-present hazard. 

The best of shields may not pre- 
vent condensation of moisture 
within the motor enclosure, with 
breakdown possible even under sub- 
sequently dry conditions. Such con- 
densation also encourages bearing 
oxidation with a resultant reduction 
in the useful life of the bearings. 

Motor enclosures available for 
such applications include dripproof 
and splashproof types. Where gen- 
eral purpose or dripproof motors 
are operated intermittently, Class 
A insulation will help combat 
humidity conditions. For standby 
service, or for damp-location opera- 
tion, a low single-phase voltage (on 
the order of 5 to 10% of rated volt- 
age) is sometimes applied to the 
windings to combat moisture. Some 
larger motors are available with 
built-in strip- or tubular-type space 
heaters for this purpose. Where 
such motors may be exposed inter- 
mittently to heat from other 
sources, such as direct sunlight, the 
heater should be thermostatically 
controlled. 

Motors must be located so that 
adequate ventilation is provided and 
so that maintenance such as lubri- 
cation of bearings and replacing of 
brushes can be accomplished. Open 
motors having commutators or col- 
lector rings must be located or pro- 
tected so that sparks cannot reach 
adjacent combustible material 
(NEC Sec. 480-14). This does not 
preclude the mounting of such 
motors on wooden platforms or 
floors. Where other combustible 
material must necessarily be placed 
close by, hinged or removable sheet- 
metal shields may be used to con- 
tain the sparks. 


Hazardous Locations 


Motors suitable for hazardous 
locations are tested and listed by 
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- MOTOR TERMINAL HOUSINGS = 


Terminal housings for making connections to branch-circuit and 
control conductors are usually furnished with the motor. These 
outlet boxes or conduit boxes must be of ample size to make con- 
nections properly and must be of substantial metal construction 
(NEC Sec. 430-12). Some motors are provided with a tapped 
hole in the enclosure to receive a conduit body or fitting, in which 
case the size of the hole will determine the size of fitting to be 
used. Some smaller motors use only bushings to protect the supply 
cord where it passes through the frame of the motor. Where such 
motors may be exposed to oils, grease, oily vapors, or other sub- 
stances having a deleterious effect on rubber, bushings other 
than soft rubber must be used (NEC Sec. 430-13). 


‘Multiple conduit 
entrance using 
locknuts and 
bushings in- 
side’ terminol 
housing 


Threaded conduit 
inside gasoline pipe 


Submersible 
pumping motor 


Diagonally split box 
containing leads, 
terminal block, or 
receptacle 


Flexible metallic 
conduit minimizes 
vibration effects 


Connections made in 
conduit body fitted to 
tapped hole in motor enclosure 


HAZARDOUS LOCATIONS: NEC DEFINITIONS 


CLASS | | 
Group A: Atmospheres containing acetylene. 


Group B: Atmospheres containing hydrogen, or gases or vapors 
of equivalent hazard such as manufactured gas. 

Group C: Atmospheres containing ethyl-ether vapors, ethylene, 
or cyclo-propane. 

Group D: Atmospheres containing gasoline, hexane, naphtha, 
benzine, butane, propane, alcohol, acetone, benzol, lacquer 
solvent vapors, or natural gas. 


CLASS Il 


Group E: Atmospheres containing metal dust, including alu- 
minum, magnesium, and their commercial alloys, and other 
metals of similarly hazardous characteristics. 

Group F: Atmospheres containing carbon black, coal or coke 
dust. 


Group G: Atmospheres containing flour, starch, or grain dusts. 
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MOTOR ENCLOSURES 


OPEN 


General Purpose: Ventilating openings permit 
passage of external cooling air over and 
around the windings of the machine. 

Dripproof: Ventilating openings are so con- 
structed that drops of liquids or solids fall- 
ing on the machine at any angle not great- 
er than 15 degrees from the vertical cannot 
enter the machine either directly or by strik- 
ing and running along a horizontal or in- 
wardly inclined surface of the machine. 

Protected (Guarded): Openings giving direct 
access to live or rotating parts (except 
smooth shafts) are limited as to size by the 
design of the structural parts or by screens, 
grills, expanded metal, etc., to prevent acci- 
dental contact with such parts. 

Splashproof: Ventilating openings are so con- 
structed that drops of liquid or solid par- 
ticles falling on the machine or coming 
toward the machine in a straight line at any 
angle not greater than 100 degrees from the 
vertical cannot enter the machine either di- 
rectly or by striking and running along a 
surface of the machine. 

Pipe (Forced) Ventilated: Openings for admis- 
sion of ventilating air are so arranged that 
inlet ducts or pipes can be connected to 
them. 

Weather-Protected: Type 1: Ventilation pas- 
sages are so designed as to minimize the 
entrance of rain, snow and airborne par- 


ticles to the electrical parts. Type Il: Ven- 
tilating passages at intake and discharge 
are so arranged that high-velocity air and 
airborne particles blown into the machine 
by storms or high winds can be discharged 
without entering the internal ventilating 
passages leading directly to the electric 
parts. 


TOTALLY ENCLOSED 


Nonventilated: Not equipped for cooling by 
means external to the enclosing parts. 

Fan-Cooled: Equipped with exterior cooling by 
means of a fan or fans, integral with ma- 
chine, but external to its enclosing parts. 

Pipe-Ventilated: Openings for admission of 
ventilating air are so arranged that both 
inlet and outlet ducts or pipes can be con- 
nected to them. 

Heat Exchanger Type: Cooled by circulating 
the internal air through a heat exchanger, 
which in turn is cooled by external air or 
water. 

Explosion-proof: Designed and constructed to 
withstand an explosion of gas or vapor 
within it and prevent ignition of the gas or 
vapor surrounding the machine. 

Dust-ignition-proof: Designed and constructed 
to exclude ignitible amounts of dust to pre- 
vent ignition or explosion of ambient atmos- 
phere around machine. 


UL in its “Hazardous Equipment 
List,” which indicates the NEC 
Class and Group for which each 
listed motor is designed. In gen- 
eral, Class I locations are those 
where flammable gases or vapors 
may be present; Class II locations 
are those where combustible dust 
may be present. Class I is sub- 
divided into Groups A, B, C and D, 
according to the types of vapors; 
Class II is subdivided into Groups 
EH, F and G, defining the types of 
dust (see box). 

To date, UL lists no motors for 
Groups A and B; hence where such 
conditions are encountered, motors 
must be located outside the hazard- 
ous area. Motors suitable for 
Class I locations are designated as 
explosion-proof; those for Class II 
locations as_ dust-ignition-proof. 
All are totally enclosed and avail- 
_ able either non-ventilated or fan- 
cooled. 

A third condition, designated as 
Class III, covers the presence of 
ignitible fibers or flyings, such as 
textile mill products and woodwork- 
ing plants. UL lists no Class III 
motors as such; however, totally en- 
closed non-ventilated motors and 
the so-called lint-free or self-clean- 
. ing textile squirrel-cage motors are 


commonly used. The latter may be 
acceptable to the local inspecting 
authority if only moderate amounts 
of flyings are likely to accumulate 
on or near the motor, which must 
be readily accessible for routine 
cleaning and maintenance. 

Each of these three classes is 
also divided into two divisions. 
Division 1 applies to areas where 
the specific contaminant (vapor, 
dust, ete.), exists continuously, in- 
termittently or periodically; Divi- 
sion 2 applies to areas where the 
contaminant is used or handled but 
will be confined within containers 
or closed systems except in case of 
an accident or breakdown. 

The code relaxes the require- 
ments for Division 2 areas some- 
what. In Class I and Class II Divi- 
sion 2 locations, for example, open 
or nonexplosion-proof enclosed 
motors may be used if they have no 
brushes, switching mechanisms or 
integral resistance devices. 

Motors having such devices may 
be permitted, provided that they 
are enclosed in tight metal housings 
approved for the location. 

In locations where dust or flying 
material will collect on or in motors 
to such an extent as to interfere 
with their ventilation or cooling, 


enclosed motors which will not over- 
heat under the prevailing condi- 
tions must be used. It may be neces- 
sary to require the use of enclosed 
pipe-ventilated motors or locating 
the motor in a separate dust-tight 
room, properly ventilated from a 
source of clean air (NEC Sec. 430- 
US) 

The reference to ventilation is 
clarified in Sec. 502-9 and 502-9 
(B): “Vent pipes for rotating elec- 
trical machinery shall be of metal 
not lighter than No. 24 USS gauge, 
or of equally substantial noncom- 
bustible material. It shall lead di- 
rectly to a source of clean air out- 
side of buildings, be screened at the 
outer ends to prevent the entrance 
of small animals or birds, and be 
protected against physical damage 
and against rusting or other cor- 
rosive influence. 

“Vent pipes and their connections 
shall be sufficiently tight to prevent 
the entrance of appreciable quanti- 
ties of dust into the ventilated 
equipment or enclosure, and to pre- 
vent the escape of sparks, flame or 
burning material which might 
ignite dust accumulations or com- 
bustible material in the vicinity. 
For metal pipes, lock seams and 
riveted or welded joints may be 
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used, and tight-fitting slip joints 
may be used where some flexibility 
is necessary, as at connections to 
motors.” 

Typical conditions where these 


requirements may apply include 
processing machinery or enclosed 
conveyors where dust may escape 
only under abnormal conditions, or 
storage areas where handling of 
bags or sacks may result in small 
quantities of dust in the air. 

Liquid or condensed vapor may 
present a problem in Class I loca- 
tions. Where such is the case, joints 
and conduit systems must be ar- 
ranged to minimize entrance of 
liquid. Periodic draining may be 
necessary, which necessitates the 
inclusion of means for draining in 
the original design of the motor 
(NEC Sec. 501-5-C-6). 


Controllers 


Selection of the correct controller 
will always demand a detailed 


=a Monual 
} 


— 
tes 


Motor 


MANUAL CONTROL 


Starter, located close 


to motor, must be op operat 
but pushbu 
motor location be lo 


erated i hond oat the 


a Contactors 
| are closed 


Motor 


124 


starter | 


ELECTRICAL CONSTRUCTION AND MAINTENANCE .. 


inowledre’ and Consideration ig 
the motor to be controlled, the’ 


functions to be performed, the 
equipment to be driven, the loca- 
tion, and the distribution system. 
The controller must then be in- 
stalled to insure convenient and 
efficient operation in accordance 
with applicable safety codes. 

The major functions of a motor 
controller are to start and stop the 
motor and to protect it against 
overloads. Additional functions 
may be built into or performed by 
the controller, such as fulfilling cir- 
cuit disconnect requirements; con- 
trolling motor starting voltage, 
speed, acceleration, and direction of 
rotation; providing means of inter- 
locking related equipment; and af- 
fording protection against under- 
voltage, phase-failure, and phase 
reversal. 

Small motors up to $ hp and port- 
able motors up to $ hp may use 
simple appliance switches for con- 
trol. Larger motors, however, must 
be furnished with some type of 


TYPES OF CONTROL 


Mognetic storter 


One or more 
pushbutton 
stotions 


SEMI-AUTOMATIC CONTROL 


starter still must be 
ed monually, 
tions may 
remotely 


cated 


s Contactors 
are closed 
OL by action OL 
of magnetic 
coil 


er oatee® oe Mies t é or Ree ere Zi is iy 
overload protection. The 
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plest. 

motor starter differs from a switch 
in that it incorporates the overload 
protector. Starting and stopping 
may be accomplished by the starter 
(or controller) either manually by — 
the operator or automatically by ¥ 
some type of “pilot device’? such as 
a float switch, limit switch, thermo- — 
stat, or time switch. 
Small, compact manual starters. § 
for fractional-horsepower motors, — 
incorporating an on-off toggle 
switch, fit into standard switch 
boxes. Larger ratings use start- 
stop pushbuttons mounted in the ~ 
enclosure cover. Both may be 
adapted for automatic operation in ~ 
conjunction with a pilot device ca- 
pable of carrying and interrupting — 
the full motor current. Overload 
protection provided usually includes 
a “trip-free”’ feature which makes 
it impossible for the operator to run 
the motor by holding in the start — 
button once the overload device has 
opened the circuit. ' 
Where automatic control or re- | 


Float switch or others 
pilot device 


Pushbutton station 
(may be integral 
part of starter) 


AUTOMATIC CONTROL 


Pushbutton closes circuit 
to pilot device, which 
then controls motor 
automatically 


/ jselector switch 
i PB on starter 


Manual is Automatic 


Thermostarm 


Manual or automaticn 
control is available 
using single starter 


ac | CONTROLLER SIZES 
i DESCRIPTION APPLICATION AND CHARACTERISTICS (NEMA Designations) 
(NEMA Designations) 


Indoors and where atmospheric condi- 
tions are normal. 


1 General purpose 


Motor 
2 ~~ Drip-tight Shields protect against dripping. Motor | Maximum HP | Starter 
3. Weather-resistant For use where exposed to rain or sleet; Voltage (3-Phase) Size 
on docks, canal locks, and in subways - 
and tunnels. WA 0 
4 Water-tight For use outdoors; where exposed to 3 1 
splashing or dripping water. 7V 2 
~ 5 Dust-tight Prevents entry of dusts in non-hazard- 15 3 
ous areas such as cement mills, steel 4 
mills, and coke plants. 
6 Submersible For use where unit may be submerged 208-550 0 
in water, as in mines, quarries, and 
manholes. 1 
7 Hazardous locations For Class |, Group D locations contain- 2 
ing hazardous gases. 3 
8 Hazardous locations Similar to Type 7, but contacts are im- 208-220 4 
mersed in oil; for use where gases are 5 
corrosive. 6 
9 Hazardous, For use in Class II locations such as 7 


dust-tight 
10 Bureau of Mines 
11 Corrosion-proof 


flour mills and grain elevators. 
For use in coal mines. 


For use where exposed to corrosive 
acid or fumes, as in chemical plants or 
plating rooms. 


For use in automotive and other indus- 
trial plants; protects against dirt and 
oil, lint, flyings, and fibers. Used ex- 
tensively as improved substitute for 


440-550 


12 Industrial 


NQOQRON — 


mote operation of the motor from 
jone or more points is desired, the 
magnetic starter is used. The con- 
‘tactors of the starter, instead of 
‘being opened or closed manually, 
sare operated by energizing or de- 
‘energizing an electromagnet with- 
in the enclosure. The magnet coil 
is in series with the pilot device or 
pushbutton station, constituting 
‘the control circuit. Over-voltage 
‘contacts as well as contacts of other 
‘protective devices are also wired 
in series with the coil. Opening 
‘of any one of the contacts for any 
/Yeason will de-energize the coil and 
‘open the contactors, stopping the 
1 motor. The control circuit may de- 
rive its power from the motor 
branch circuit and may operate at 
the same voltage as the motor or at 


pa reduced voltage. 


| 

| Motor overload protection in most 

‘) eases is provided by thermal over- 

| current relays usually incorporated 
within the controller. Branch cir- 

cuit fuses, designed to protect the 
circuit conductors and the equip- 


Overload Protection 


Type 1. 


ment against the effects of short 
circuits, are normally incapable of 
supplying protection against sus- 
tained overloads, which involve a 
gradual increase of winding tem- 
perature. The period of time over 
which the motor is able to sustain 
higher-than-rated temperatures 
varies inversely as the current 
through the windings. For the 
majority of motors in use, there- 
fore, the overload protective devices 
are designed to be sensitive to cur- 
rent changes. Their coils or heaters 
are wired in series with the motor 
supply conductors. If the motor be- 
gins to draw excessive current from 
the line, the heater will cause line 
contactors to open, breaking the 
current to the motor. 

Most overload relays today are 
designed for a _ specific current 
range, and the appropriate relay 
for the motor to be protected (NEC 
Sec. 480-42, 430-34) must be speci- 
fied when ordering the controller. 
Starter manufacturers publish 
tables designed to provide full in- 
formation for selecting relays for 
its line of starters. 

Air- or oil-dashpot-type relays, 
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introducing a time delay, may be 
adjusted for any trip current 
within their range. The time delay 
may be adjusted so that the relay 
will not operate on starting current, 
but will open on any overload ex- 
ceeding its rating. Such relays may 
be ordered as part of the controller. 

Consideration must be given to 
the relative ambient temperatures 
of the controller and the motor. If 
the controller operates in a higher 
ambient than the motor, a larger 
size relay may be appropriate. Con- 
versely, smaller-size relays should 
be selected where the motor am- 
bient is higher than that of the 
controller. 

Used extensively in hermetic 
motors of air-conditioning and re- 
frigeration compressors is the in- 
herent heat-sensitive protector, 
which is built into the motor, Re- 
cent development of the 38-phase 
protector has extended its use to 
such applications as fans and blow- 
ers, machine tools, and production 
machinery. With no need for ex- 
ternal protectors, a manual switch 
or magnetic contactor may be used 
as the motor controller in place of 
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the conventional starter. Such a 
switch may also serve as the circuit 
disconnect (NHC Sec, 480-111). 
Contacts’ are opened by action of 
a bimetallic disc when a predeter- 
mined temperature is reached. Re- 
setting may be accomplished either 
manually or automatically. Where 
unexpected starting of the motor 
may cause a hazard, manual reset 
should be used. 


Other Starter Functions 


Disconnecting: Where it is prac- 
tical to locate the motor disconnect 
and starter at the same spot, a 
combination starter may be used. 
Such a device incorporates a starter 
and a disconnecting means in the 
same enclosure, resulting in less 
required mounting space and re- 
duced wiring and labor costs. The 
installation improves the safety 
factor, since the cover cannot usu- 
ally be opened with the disconnect 
closed. The disconnect furnished 
may be either a fusible or non-fused 
switch or a circuit breaker. 

Reduced-voltage starting:  A\l- 
though all motors may be started 
by applying full voltage to the 
motor, the sudden inrush of start- 
ing current may be objectionable 
in the case of large motors due to 
its effect on the distribution sys- 
tem. Also, applying full-voltage 
starting torque to the driven lcad 
may have a detrimental effect on 


WIRING SPACE IN ENCLOSURES : 


Enclosures for controllers and disconnecting means for motors mus 
not be used as junction boxes, troffers, as raceways for conductor: 
feeding through or tapping off to other apparatus unless designs are 
employed which provide adequate space for this purpose (NEC Sec 
430-10). Since no such special controllers are listed by Underwriters 
Laboratories, they would have to be custom built and submitted fo 
approval to the local inspection authority. The extra expense anc 
uncertainty of acceptance usually dictates wiring with conventiona 


equipment such as wireways or independent conduit runs. 


To branch-circuit protection 


Connections must 
not be made here 


a oe 


motor 
starters 


NOT PERMITTED 


couplings, pulleys, or fan blades. 
Where this is the case, a reduced- 
voltage starter may be used, which 
introduces the initial current to the 
motor through resistors, reactors, 
or autotransformers. In selecting a 
reduced-voltage starter, it is impor- 
tant to determine whether resulting 
starting torque will be sufficient for 


Standard 


Wirew 


ACCEPTABLE 


torque decreases as the square 0} 
the voltage. 

The manual  reduced-voltage 
starter, or “compensator,” is usu 
ally furnished with an operating 
handle which in the start positioz 
connects movable contacts to th« 
starting circuit. When the moto: 
has gained sufficient speed, th 


the load and its component gears, the driven 


load, 


since starting handle is thrown to the run posi 


CONTROL CIRCUIT DISCONNECT 


Control circuits operating contactor coils, etc., within 
controllers present a shock hazard if they are al- 
lowed to remain energized when the controller is 
in the “off” position. Therefore the control circuit 
either must be designed in such a way that it is 


~ ~Disconnect 


Storter 


Both controller and control circuit 
may be de-energized by the same 
disconnect, 
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disconnected from the source of supply by the con 
troller disconnecting means or must be equippe 
with a separate disconnect immediately adjacen 
to the controller disconnect (NEC Sec. 430-74) to pro 
vide ready opening of both disconnects. 


~ CBas control 


Starter — disconnect 


disconnect 
~~ Control 
transformer 


Start 


{ Stop 


Starter z 


Separate disconnect 
may be provided for 
control circuit. ; 


To Control 
contactor ae ee OI CUn 
Coil 
~Plunger 


To motor 


> 


-xcessive current through coil draws 
‘lunger up, opening control circuit, 
Mrhich opens contactor and stops motor. 


To - Bi- metallic 


‘ontactor 7 spiral 
0 motor 
Reset 
button 
Control 
circuit Control linkage 


meat expands spiral, causing connect: 
d plunger to rise, releasing control 
nkage: and breaking control circuit. 
eset button must be pressed to re- 
: tore linkage. 


J Thermal 
protector 


i | Control 
‘/. circuit 


To Control 
contactor | i eee CICUIT 
a eol 
—>~ Plunger 
To motor y Dashpot 


Piston 


Similar to standard magnetic type in 
operation. Air or oil in dashpot re- 
stricts rate of travel of plunger, intro- 
ducing time delay. 


To 
contactor 


Control linkage 


Control 
circuit 


Reset 
button 


Ratchet wheel 


Alloy strips normally keep cylinder 
from turning. If heat melts alloy, 
spring turns cylinder and rachet 
wheel, releasing control linkage and 
opening control circuit. Relay may be 
reset when alloy hardens. 


Incorporating protector within motor 
housing permits it to sense both  ex- 
cessive motor current and ambient 
heat. A single 3-phase protector will 
respond to unbalanced currents on any 
of the three phases. 


LOCATING CONTROLLER AND DISCONNECT 


f motor and driven machinery are not in sight from controller, the con- 
roller or its disconnecting means must be capable of being locked in 
he open position, or a manual switch must be placed within sight from 
he motor which is capable of preventing the motor from starting (NEC 
ec. 430-86). The disconnecting means must be in sight from the con- 
troller or be arranged to be locked in the open position (NEC Sec. 430- 
02). The disconnecting means shall be readily accessible. 
Motor and driven ma- Disconnect in sight 
chinery in sight from from controller 

controller ! 


| 


i‘ 


Controller 


achinery Disconnect 


W 


Driven 
| m 

| 

| 


PREFERRED CONDITION 


tion, which connects full voltage to 
the motor. Compensators incorpo- 
rate overload protection. 

Part - winding squirrel-cage 
motors are often used where re- 
duced voltage and starting torque 
is required, such as for centrifugal 
fans, blowers, and air conditioning 
systems. Part-winding starters 
are used for such motors, consist- 
ing of two starters, each controlling 
one of the two motor windings. 

- For wound rotor (slip ring) 
motors, a secondary-resistor-type 
reduced voltage starter is used, 
equipped with resistors which are 
connected in series with the motor 
windings during starting. Com- 
plete specifications of the motor to 
be controlled must be available for 
proper selection of the starter. 
Reversing: A starter designed to 
provide reversal of rotation is called 
a reversing starter. It is essentially 
two separate starter mechanisms 
mounted in a single enclosure and 
incorporating a mechanical inter- 
lock to prevent both starters from 
closing at the same time. 

An alternative to using a revers- 

ing starter is to provide a reversing 
switch, such as a drum switch, 
in conjunction with a standard 
starter. The starter provides over- 
load protection, not available as 
part of the drum switch. A typical 
load application is a machine such 
as a lathe; the starter may be 
mounted on the wall and the drum 
switch on the lathe within easy 
reach of the operator. 
Low-voltage protection: Where 
power failures are common, it is im- 
portant to eliminate the possibility 
of unexpected restarting of a motor 
when power is restored. This could 
occur where a magnetic starter is 
used with a pilot device for auto- 
matic operation. Protection against 
this occurrence may be provided in 
starters by the inclusion of a hold- 
ing circuit consisting of a set of 
contacts wired in parallel with the 
start button and thus in series 
with the contactor coil. Normally 
closed while the motor is running, 
the contacts open in case of power 
failure. The start button must be 
pressed to close the contacts again. 
Phase failure and reversal protec- 
tion: An accidental opening of 
one phase of the line supplying a 
motor may under certain conditions 
damage the winding without trip- 
ping overload units. On large 
motors, this possibility is elimi- 
nated by providing voltage relays 
across each phase. 
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Conductors 


“nerve network” of an electrical 

system, transmitting current 
from service equipment or power 
source through distribution centers 
to individual electrical loads. As 
such, they provide the vital links 
that tie together the various elec- 
trical equipment components into 
a smoothly operating, trouble-free 
system. The National Electrical 
Code lists no less than 26 basic 
types of insulated conductors for 
application within specified oper- 
ating conditions and temperature 
limitations. Design engineers select 
and specify conductor sizes, types 
and insulations to match load re- 
quirements and anticipated operat- 
ing conditions of the electrical sys- 
tem under consideration. Whether 
or not the end result is achieved 
depends, to a considerable extent, 
on the manner in which the plans 
and specifications have been trans- 
lated into a closely integrated sys- 
tem of physical components. 

Much of this responsibility is in 
the laps of the installing contrac- 
tor, his field engineers and instal- 
lation crews. Their knowledge, 
skills, and the care they exercise in 
the installation, supporting, splic- 
ing, and termination of wires and 
cables has a definite bearing on the 
ultimate efficient, trouble-free op- 
eration of the system as designed. 

While insulated conductors are of 
rugged design and construction, it 
is only logical that ordinary care 
be used when handling and install- 
ing them. This means giving ade- 
quate consideration to the follow- 
ing: 

Raceway Fill—Check with NEC 
limitations and be sure raceway 
permits cable pulling with ease. 

Raceway Obstructions — Clean 
and swab raceways before pulling 
cables. 

Minimum Bending Radii — Ca- 
bles can be damaged by bending too 
sharply. The NEC limits the mini- 
mum bending radius of Types MI, 
AC and NM cables to five times the 
diameter of the cable. An accom- 
panying table gives the minimum 
bending radii for rubber insulated 
cables. It ig good practice to use 
larger radii when installation con- 
ditions permit. 


B nerve nets conductors are the 


Maximum Pulling Tensions — 
Stay within prescribed limits (se 
accompanying table) to preven 
cable sheath damage and/or con 
ductor elongation. Cables weakenec 
by excessive pulling tension during 
installation can lead to possibl 
future failure that will be expen 
sive to both owner and contractor 

Pulling Techniques — Cable in 
stallation techniques have bee 
evolved for practically every typ 
and assembly of electrical conduc 
tor. Suggested methods are offere 
by cable manufacturers. Installa 
tion crews may adapt or tailor thes 
to specific installation requirements 


DEAD ENDS 


ACSR 


Automatic dead en: 


Copperweld or steel 
Automatic 
dead end 


SSE Pw 


Steel or copperweld 
Loop assembly — 
3 bolt clamp 


Copperweld 


Thimble ossembly— A 
U bolts 5 


a 


ACSR f 5 
Strain clamp Strain clamp 


MESSENGER CONDUCTOR 


VARIETY of dead-end techniques ft 
messengers and conductors in overhec 
line work é 


5 


ANGLE AND TURN SUPPORTS 


ONE METHOD of supporting conduc 
in vertical plane at angle and turn poi 
along overhead line 


£ 


bere oq 
ane, 


or they may develop their own. All 


eas Sy eae ke erring ae 


have a common goal—quick, safe 
installation of cables without dam- 
age to conductor or insulation. To 
this end, contractors use a variety 
of approved cable lubricants, rollers, 
pulley assemblies and other fric- 
tion-reducing devices suitable to 
the installation problem at hand. 
A number of these are illustrated 
in the succeeding pages. 


.. Adequate Supports—These must 


be provided, both horizontally and 
vertically, to properly distribute 
cable weight and (for open wiring) 
to maintain recommended distances 
between phase conductors, sur- 
rounding structures and ground 
level (elevation). Maximum spac- 
ing of supports and minimum clear- 
ances for conductors are noted in 
the NEC. Where indicated, physical 
protection also must be provided. 
Splices and Terminations — Un- 
less properly made, splices and ter- 
‘minations can become the weakest 
points of an otherwise well-installed 
conductor system. It is poor prac- 
tice to risk compromise with tested 
and proved techniques recom- 
mended by cable and insulation 
manufacturers. To assure me- 
chanically and electrically secure 
splices and terminations, experi- 
enced mechanics should follow the 
indicated step-by-step procedures. 
While general techniques may be 


“§ similar, specifics for each splice and 


it 


termination category vary with the 


| rated voltage of the conductor, type 


INSTALLATION PRECAUTIONS THAT INCREASE WIRE 
AND CABLE LIFE AND EFFICIENCY 


© Store conductors and cables in a cool, uniform temperature area 


before installation. 


© Keep cable riser conduits on north or shaded side of poles away 


from sun. 


® Ventilate pole riser conduits to create air circulation around cables. 


Fittings are available for this. 


tion of hot air. 


® Place baffles between cables (and ducts) and steam or hot pipes 


to deflect hot air away from cables. 


® Install cables below bridge or viaduct structures for protection from 


sun and weather. 


© Place (pack) soft fill around direct-burial cables in trenches to 


improve heat dissipation. 


® Use approved cable lubricants when pulling conductors in race- 
ways and ducts. Avoid sharp feed-in and pulling angles. Prevent 


cross-overs. 


moisture. 


® Protect cables with abrasion-resistant wrappings at duct mouths and 
extend arc-proofing wrapping back into end of duct. 
© Ventilate cable tunnels with grilles or blowers to prevent accumula- 


© Make all cable connections, splices and terminations in approved 
manner, according to manufacturers’ recommendations, to assure 
secure joint with adequate insulation and seal against ingress of 
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CALCULATION OF PULLING TENSION IN DUCTS 


For Straight Duct Section 
T=LxXwXf 
T = Total pulling tension 
L = Length of duct run, feet 
w = Weight of cable, pounds per foot 
f = Coefficient of friction = 0.5 for well constructed 
ducts. 


For Duct Runs with Curved Section 
= Te -- en 
Tz = Tension for straight section at pulling end 
T; = Tension for straight section at feeding end 
e = Naperian logarithm base = 2.718 
f = Coefficient of friction = 0.5 
a = Angle of bend in radians (1 radian-57.3 degrees) 


MAXIMUM PULLING TENSIONS 


For Installing Electrical Wires and Cables 


With Pulling Eye Attached to Conductor 


Maximum Tension in pounds shall not exceed 0.008 x CM area. 
Tn = 0.008 X n X CM 
T, = Maximum tension in pounds 
n = Number of conductors in cable 
CM = Circular mill area of each conductor 


With Basket Grip Around Cable Sheath 


Lead Covered Cables—Maximum strain shall not exceed 1500 lbs./ 
sq. in. of lead sheath area 
Tn = 4712 t (D-t) 
t}= Lead sheath thickness, inches 
D = Outside diameter of cable, inches 


Non-leaded Cables—Maximum strain shall not exceed 1000 
pounds, or T,, limitation for pulling-eye technique. Maximum 
Strain at a Bend shall not exceed 100 times the radius of curvature 
of the duct, in feet, or T,, as determined above. 


CHANNEL FRAMING supports tiers of 
power and control cables. Split-blocks 
holding cables slide along channel before 
tightening for cable alignment. 
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NEC RULES FOR CONDUCTOR INSTALLATION 


Article 230—Service Entrance 


Open Conductor Supports—Outdoor with 6-in. sep- 
aration, maximum spacing is 9 ft; with 12-in. separation, 
15 ft; for services 300 volts or less, separation 3 in., 
spacing 414 ft. Minimum distance from structure sur- 
face to conductor, 2 in. Indoor, with minimum 2'%-in. 
separation, 412-ft spacing; 1-in. distance from surface 
wired over (230-47-48). ; 

Service Cable—Type not approved for mounting in 
contact with building must be supported at least 2 in. 
from surface at maximum 15-ft intervals; contact-mount- 
ing type, supported at 41%2-ft intervals (230-50). 

Point of Attachment—Service Drops. Service drops 
must be attached to building at least 10 ft above finished 
grade. Minimum clearance of drops above sidewalks 
10 ft; above driveways and roads, 18 ft (230-26). 

Underground Service conductors when carried up a 
pole shall have mechanical protection at pole at least 8 
ft above the ground (230-32). 


Article 300—Wiring Methods 


Conductors of different systems (light and power, 600 
yolts or less, ac or de or both) may occupy same en- 
closure if all conductors are insulated for maximum volt- 
age of any conductor in enclosure (see 300-3 for details 
and exceptions). 

Through Studs, Etc.—Where permissible, armored, 
Types NM or MI cable may be laid in notches in stud- 
ding or joists if notch is covered with zs in. thick steel 
plate as protection against driven nails (300-8). 

Conductor Continuity—Conductors must be continu- 
ous between outlets, devices, etc., with no splice or tap 
within a raceway itself (300-13). 

Wiring Transition—-A suitable, approved box or termi- 
nal fitting must be used where conductors change from 
raceway, type NM, AC or MI cable to open wiring or 
concealed knob-and-tube-work (300-16). 


Article 310—Conductors for General Wiring 


Conductor application and construction shall conform 
to regulations and Tables of Section 310-2 of NEC. Con- 
ductors shall be approved for temperature and installa- 
tion conditions encountered (310-3 to 310-8). 

Stranded Conductors—Conductors No. 6 and larger, 
when installed in raceways, shall be stranded except 
when used as bus or in MI cable (310-9), 

Conductors in Multiple—Conductors sizes 1/0 and 
larger may be run in multiple if: they are of same length, 
same circular-mil area, have same insulation, and are 
terminated at both ends in manner to insure equal division 
of total current among conductors involved (310-10). 


Article 320—Open Wiring on Insulators 


Supports—Single conductors shall be rigidly supported 
at maximum 414-ft intervals over flat surfaces on non- 
combustible, non-absorptive material; and within 6 in. 
of a tap. When installed across undisturbed open spaces, 
conductors No. 8 or larger may be supported at 15-ft 
intervals if insulating separators (2%-in. spacing) are 
installed every 42 ft. In mill construction, open feeders 
No. 8 or larger may be separated 6 in. and supported 
from each timber (320-5). 

Conductor Separation—Up to 300 volts, 214 in. be- 
tween conductors and at least % in. from surface wired 
over (1 in. in damp or wet locations). From 301 to 600 
volts, 4 in. between conductors and at least 1 in. above 
surface wired over (320-6), 

Conductor Protection—Open conductors shall be 
separated at least 2 in. from metal conduit or other con: 
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ducting material; shall have maintained air space from 
water piping; shall be protected where crossing joists and | 
studs and exposed to physical damage (within 7 ft from 
floor) by guard strips, running boards or tubing; shall 
have drip loops where entering or leaving damp, wet or 
corrosive areas (320-10 to 320-14). 


Article 324—Concealed Knob-and-Tube Work 


Supports—Single conductors shall be supported at 
maximum 4%4-ft intervals and within 6 in. of a tap; may 
be fished in dry locations if conductors are separately 
enclosed in non-metallic flexible tubing of continuous 
length between supports or boxes (324-5). 

Separation and Protection—Separation between con- 
ductors shall be at least 3 in.; distance above surface 
wired over, 1 in. minimum. Where separation cannot be 
maintained, each conductor must be encased in con- 
tinuous length of flexible tubing. Separation and protec- 
tion from other objects follows Article 320 (324-6 to 
324-9), 


Article 330—Type MI Cable 


Supports—MI cable shall be securely supported by 
approved staples, straps, hangers or fittings at maximum — 
6-ft intervals, except where fished; shall have at least 
Y in, air space between cable and supporting surface” 
in wet locations (330-4, 330-6). 

Bends—Radius of curve of inner edge of any bend — 
shall be not less than five times cable diameter (330-7). | 

Terminations—An approved seal shall be provided to” 
MI cable terminations immediately after stripping to~ 
prevent insulation absorption of moisture; conductor ex-~ 
tensions shall be properly insulated. Where cable is con-— 
nected to boxes, fittings approved for conditions of serv- | 
ice shall be used (330-8, 330-9). ¢ 


Article 334—Armored Cable (Types AC, ACT, ACV, 
ACL) 


Supports—Except where fished, armored cable shall” 
be secured by approved staples, straps or fittings at maxi- 
mum 4'-ft intervals and within 12 in. of every box or 
fitting. Cable in accessible attics or roof spaces where” 
run across top of floor joists or within 7 ft of floor shall” 
be protected by substantial guard strips (334-5 to 334-8). 

Conductor, Protection—At terminal points of armor, 
a fitting shall be provided to protect wires from abrasion | 
and an approved insulating bushing shall be provided) 
between conductors and armor (334-9). fi 

Bends—Radius of the curve of inner edge of any bend! 
shall not be less than five times the cable diameter. 


Article 336—Non-Metallic Sheathed Cable (Types NM, | 
NMC) | 4 

Supports—Except where fished, cable shall be secured’ 
in place by approved staples, straps, etc., at maximu i 
4% ft. intervals and within 12 in. from cabinet or box. 
In unfinished basements NM assemblies larger than twe 
No. 6 or three No. 8 conductors may be secured tc) 
lower edges of joists; smaller assemblies may be run) 
through holes bored in joists or on running boards] 
(336-5 to 336-9). f 

Bends—No bend shall have radius less than five times 
cable diameter (336-10). | 


Article 339—Underground Feeder Cable (Type UF) 


Installation—All single-conductor cables of a circui’ 
shall be run together in same trench or raceway. Wher 
direct burial is used, authority enforcing the code may 
s 


require, when considered necessary, supplementaryi™ 
mechanical protection over or around cable (339-3). 


A— Soft bed of sand or screened fill. * 


-B — Blanket of sand or screened fill 6 in. 
to 8 in. above top of cable. 


C — Cable “snaked” slightly in trench 
for slack when earth settles. Keep 
single-conductor cables uniformly 
apart about 6 in. in trench. Avoid 
cable cross-overs. Keep cable be- 
low frost line. 

D— Add protective slab 


¥- 


(creosoted 
plank, etc.) on sand fill in areas 
where future digging might occur. 
Enclose cable in pipe or conduit un- 
der highways or rail tracks. 


E — Normal back-fill, 


RECOMMENDED METHOD of installing 
direct-burial cable in trench to assure 
adequate protection. For high-voltage 
cables, trench should have minimum 
depth of 36 in. 


of insulation and sheath, and in- 
stallation conditions (indoor, out- 
door, etc.). 

Progressive developments in the 
methods of terminating cables have 
simplified this phase of electrical 
installation and substantially re- 
| duced the possibility of cable fail- 
/ ure due to human error or poor 
workmanship. A wide range of fit- 
tings and devices are available to 
| protect and seal cables at equipment 


Beh iste = 


; CONDUIT STUBUP gives mechanical pro- 
4. tection to direct-burial MI cable circuit 

_ to outdoor pump. Note separate ground- 
| ing conductor going down concrete base 
| from motor frame. 
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CONDUCTOR GROUPS emerge from con- 
duit sealing fittings; are carefully tied 
and trained into terminal box at meter 
and control panel. 


enclosure terminations and at 
points of transition from raceway 
to open air. A series of termina- 
tion and splicing fittings for inter- 
locked armor cable has extended 
the application of this conductor 
assembly as a distribution medium. 
Bolted, pressure type and welded 
type connectors and lugs assure 
large-area, positive electrical con- 
tact, cut cable termination time, and 
are generally preferred to the time- 


es é 4 


REMOVABLE RUNGS of insulating ma- 
terial support dual tier of feeder cables 
in large, roomy pullbox under riser shaft. 
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IDENTIFICATION 


of circuit conductors 
with tags, adhesive labels, etc., simplifies 
original connection to proper terminals 
and adds speed and ease to future check- 
out should trouble occur. 


consuming soldering techniques. 
Continued research and develop- 
ment in the aluminum conductor 
and connection fields have reduced 
termination and contact problems 
to the point where acceptance and 
use of aluminum conductors, with 
their light-weight, low-installation- 
cost advantage, have shown rapid 
gains. 

Equal in importance to the me- 
chanical and electrical strength of 


CUSTOM-BUILT TROUGH carries 40 500 
MCM< feeder conductors in double offset 
across hotel corridor; protects cables by 
providing plenty of space for gentle, 
sweep bends. 
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CALCULATION OF 
MESSENGER TENSION 


.. for Self-Supporting Aerial Cables 


WS? 
8d 


T= 


T = horizontal tension in 
messenger, in pounds 
W = weight of cable and 
messenger, lbs per ft 
S = length of ruling span, 
in feet. (Ruling span is 
the average span plus 
2/3 the difference be- 
tween average and 
maximum spans) 
d = the sag, in feet 


Check manufacturers’ recommenda- 
tions of tension values for size and 
type of messenger used in aerial 
cable assembly. 


Lubricate lead 
{sheathed cable here 
Feed-in tube 
with brace 


Cable reel ~ 


Manhole 
Tube nozzle 


WY Ys 7 


FEED-IN TUBE protects sheath of lead- 
covered cable pulled in underground 


duct; prevents bending cable sharper than 
reel diameter. 


Splice 
casing 


Armor cable 
terminator 
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_ Connector | _—‘fape 


EPOXY RESIN SPLICE cut-away shows complete saturation and penetration 
of set-up resin around connector and cable strands. 


CONDUCTOR SUPPORTS IN 
VERTICAL RACEWAYS 


Maximum Spacing 


Conductor Size Between Supports 


No. 18 to No. 1/0 100 ft 
No. 2/0 to No. 4/0 80 ft 
250MCM to 350MCM 60 ft 
350MCM to 500MCM 50 ft 
500MCM to 750MCM AO ft 
Over 750MCM 35 ft 


Source: 1959 NEC Article 300-19 


Insulating 


ieee Friction tape 


mene 


End casting Casing 


a wy " NNARAOLNARRERRAREND Tite van 


ue romance iN aS 
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(Compression rings 


Grounding Neoprene gaskets 


braid & lug 


a conductor splice or termination is 
the insulation of the exposed con- 
nection. Insulation materials must 
be field-applied according to pre- 
scribed methods to provide a built- 
up protective covering that matches 
the dielectric and moisture-resist- 
ant characteristics of the original 
conductor insulation and _ cable 
sheath. To assure proper, long-life, 
trouble-free splices and connections, 
manufacturers of cables, termina- 
tion fittings and devices, and in- 


No.¥ bare stranded 
copper ground cable 
buried in concrete 
footing and slab 


Ground connector 
bolted to web 


Concrete 
footing 


Copper ground “cables connected 
to adjacent columns in structure 


building 


ONE METHOD of grounding building 
structural members to ground cable sys- 
tem. 


SPLICING FITTINGS for interlocked armor cables permit in-line splices on racks with- 


out SMa splice cabinets or boxes. Available kits include casing and all splice 
materials 
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lating materials provide detailed 
ep-by-step instructions and draw- 
igs for contractors’ field use. 

Field-insulation of cable splices 
io longer is an excessive time-con- 
ming operation. The variety of 
nproved tapes, electrical insulat- 
ig putty, and protective cable 
‘raps drastically cut overall instal- 
tion time. The use of pre-formed 
* field-formed molds with gravity- 
or pressure-injected epoxy 
isulating resin provide splice en- 
ypsulation in short order. Avail- 
vility of unit-package splicing kits 
lives added assurance that the 
ylices will be made properly. Each 
it contains all items for a finished 
dlice, from tinned sleeves and 
blder to proper materials for in- 
ation build-up. Kit materials are 
vilored to’a specific conductor size, 
asulation, voltage, cable outer 
eath construction and type of 
blice or termination. Manufac- 
irers’ catalogs list the full range 
{kits for easy reference and selec- 
ion, Application of these splicing 
oackages” simplifies estimating 
d ordering and assures the con- 
‘actor and his mechanics that the 
ight amount of proper materials 
“ill be on the job for each splice. 


Busways 


# Functionally, factory pre-assem- 
ed busways are in the same cate- 
ory as wires and cables. So are 
eld-assembled bus-bar systems. 
asically, all are electrical conduc- 
brs connecting the equipment com- 
ionents of an overall system design. 
| Busways, with their recognized 
dvantage of flexibility and reus- 
bility, have become an established 
1ethod of transmitting 600-volt 
or less) power to: distribution 
oints (feeder duct); lines of in- 
‘ividual stationary equipment 
Iplug-in duct); rows of lighting 
ixtures and/or groups of mobile de- 
ices (trolley duct). The inherent 
esign of busway sections (bus bars 
nd protective enclosure) reduces 
nstallation problems to the level of 
elatively simple supporting 
nethods. In one operation, conduc- 
jor and raceway are put in place. 
In-line connection of conductors 
volves tightening one or more 
jolts at section joints. Branch cir- 
j uit taps are made with plug-in de- 
fices or mobile inserts (for trolley 
uct). Latest development in sev- 
‘Pral bus duct systems is the design 
‘pf a “one-bolt” compression joint 


Half top view with cable omitted 


Cables armor 
peeled back 
and clamped 
between flanges 
of support 


TYPE FS CABLE SUPPORTS 


Sectionalized box with barriers between; 
front and side panels removable 


Cables pass through 2-15 
steel plates spot welded 
to I=beams 


Fiber conduits 
and concrete 
sheathing stop 
at this floor slab 


Detail 


Type FS cable supports, 
with cable armor stripped 
-back and clamped 


a between flanges. 


ARMOR CLAMPS provide effective single-point support of armored cable risers. 
Separate strands of cable armor are snubbed between flanges of support fitting at 


top of run, 


Partitioned enclosure protects unarmored sections of cable. 


MINIMUM BENDING RADII FOR VARIOUS TYPES OF 
INSULATED CABLE 


Single and Multi-Conductor-Rubber-Insulated Cables 


Insulation 
Cond. Size Thickness Non-Shielded Armored* 
MCM 64th. In. 
0-8 3 x O.D. 12 times 
9-12 4x O.D. outside 
0-499 13-20 5xO.D. diameter 
Over 20 6x O.D. 
0-8 4x O.D. 12 times 
500 and Over 9-12 ox OD; outside 
Over 12 6 x O.D. diameter 


*All interlocked steel tape cables take minimum bending radius of 8 times OD because 


of their high flexibility. 


aaa aa aa a eel 


for busway conductors which per- 
mits tightening and checking pres- 
sure on the interleaved bars from 
outside the duct enclosure with the 
bus dead or hot. New busway de- 
signs incorporate continuously in- 
sulated conductors, except at section 
joints and plug-in outlets. 

The development of economical 
methods of silver-coating alumi- 
num bus has substantially increased 
its use in busway design and con- 
struction. In fact, some forecasts 
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indicate that within the next few 
years about two-thirds of all bus- 
way made will have aluminum con- 
ductors. With this material and 
new designs, overall weight of bus- 
way sections has been reduced to 
the point where the number of re- 
quired supports can be cut almost 
in half. 

Concurrent with new busway de- 
signs has been a simplification of 
supporting devices. In addition to 
the conventional clamp-hangers is 
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HORRIZONTAL SUPPORT 
TYPICAL SUPPORTING METHODS for a variety of busways to meet structural and accessibility conditions, Included are the 


Upper angle brackets 
are welded to sides 


of busduct Bee 


Lower brackets 
bridge slab slot 


Springs surround 
mounting bolts to 
provide ducts with | 
floating suspension 


Slab slot 


i 


SHOCK-ABSORBING SUPPORTS for busway risers in buildings designed to with- TRAPEZE HANGERS from ceiling inset 
stand earth tremors. Three heavy-duty coil springs on each side of riser form suspend triple tiers of busway from b 
cushion between duct and floor brackets. \ ment distribution boards to riser sha’ 
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latest snap-on and clamp hangers available for specific ducts. 


NEC INSTALLATION RULES FOR BUSWAYS—ARTICLE 364 
Busways: 


1. May be used for service entrance conductors. 

2. May be installed only for exposed work: shall not be installed 
where subject to severe physical damage or corrosive vapors; 
in hoistways; in any hazardous location; nor outdoors or in 
wet or damp locations unless specially approved. 

. Shall be securely supported at 5-ft maximum intervals unless 
approved for greater distances when maximum shall be 10 ft. 
. May extend transversely through dry walls if bus is in unbroken 
lengths at wall; may extend vertically through dry floors when 
totally enclosed at floor and at least 6 ft above floor. 

. Shall be closed at dead-ends. 

. Shall have branches made of busways, metal conduit, EMT, 
surface metal raceway, armored cable, or cord assemblies. 

. May be reduced in size without overcurrent protection if exten- 
sion is 50 ft or less in length, not in contact with combustible 
material, and has current rating at least equal to one-third 
that of overcurrent device next back on the line. 

. In general, length of plug-in type branch circuit busway run, 
in feet, shall not exceed three times ampere rating of circuit. 


ELECTRICAL CONSTRUCTION AND MAINTENANCE 


| pt eet 


a new line of snap-on units which 
hook on to the busway flange (or 
ventilating slots in some designs). 
If desired, conventional rod and bar 
supporting techniques can also be 
used. Methods of supporting the 
clamp and snap-on hangers will 
vary with the structural features of 
the building and the provisions (or 
limitations) established by the en- 
gineers in charge. Accompanying 
illustrations show a variety of tech- 
niques. 

The installation refinements for 
trolley duct now permit contractors 
to install long rows of duct from a 
single work station, after support- 
ing hangers have been mounted. 
More than one manufacturer of 
trolley duct offer supporting roller 
hangers through which platform- 
assembled duct sections can be 
moved into permanent position. 


Field-Assembled Bus 


Field-assembly of bus systems is 
usually a time-consuming operation 
with man-hours divided between 
measuring, cutting, bending, drill- 
ing or punching, plating contact 
areas and bolting bus. sections 
within the limited confines of the 
system design. 

Over the years, numerous tech- 
niques have been developed to slash 
construction time. Among them, to 
mention a few, were power bending 
and cutting, brush plating, welded 
joints. One newer method is the 
edge-bending of rectangular bus 
bar. By doing this, the project con- 
tractor drastically reduced the num- 
ber of assembled connections in the 
system; maintained minimum spac- 
ing in multiple-bar runs. 


INSULATED BUS CLAMPS mounted to 
simple wall bracket support open bus bar 
distribution system. Bolted clamps pro- 
vide high-compression lap joints and tap- 
offs without piercing main bus section. 
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Raceways 


IGID metal conduit is used ex- conditions provided code-defined i 
A tensively in all types of building stallation and protective measur 
construction since it provides are properly observed. 

maximum protection for conductors; To meet various installation a1 
permits conductors tobe withdrawn atmospheric criteria, rigid co 
or replaced; may be used indoors duit may be obtained either in ste 
or out, in wet locations and dry, (enameled or galvanized), alun 
and installed under all atmospheric num, or copper alloys, choice 


RESISTANCE TO MECHANICAL INJURY, corrosion and vibration, plus easy 
bending, clean threads and good electrical characteristics were among the 
reasons influencing the selection of this rigid metal conduit installation. 
Tight connections plus capping of all open conduit ends kept the system free 
from water, moisture, dust and dirt as the work progressed. 


NEC Requirements 
RACEWAYS: General Requirements; Article 300 


It may be stated in brief that metal raceways and fittings (unless 
corrosion-resistant) must be protected inside and outside (except at 
threaded joints) by coatings of corrosion-resistant materials such as 
zinc, cadmium or enamel. However, if ferrous raceways are protected 
solely by enamel, they can be used only indoors in occupancies not 
subject to corrosive influences. Raceways must also be continuous 
from outlet to outlet or from fitting to fitting, and must be securely 
fastened in place and mechanically secured to metal enclosures related 
to them. / 

If portions of an interior raceway ‘system are exposed to widely 
differing temperatures, provision shall be made to prevent circulation 
of air from warmer to cooler sections through the raceway. And, 
wherever a change is made from surface metal raceway, conduit or 
EMT to open wiring, either a box or terminal fitting having a separate 
bushed hole for each conductor shall be used. An exception to this 
requirement permits bushings, in lieu of boxes or fittings, to be used 
at ends of conduits or EMT entering switchboards, control apparatus 
or similar enclosures. 

Suitable boxes must be installed at all outlets or junction points 
of surface metal raceways, conduits or EMT, and interior metal 
raceways must be metallically joined together into a continuous 
electrical conductor. They must also be connected to all boxes, 
fittings and cabinets to provide effective electrical continuity. In addi- 
~ tion (as prescribed in Article 250 of the NE Code), metal raceways ~ 

and fittings must satisfy all conditions pertaining to grounding. 
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conduit and finishes depending upon 
local conditions (dry, wet, corro- 
sive). 

Conduit systems, of course, can 
be considered complete only when 
installed with a full complement of 
associated fittings, such as bush- 
ings (metallic or non-metallic, 
grounding or bonding or insulat- 
ing), locknuts and jumpers, coup- 
lings and connectors (threaded or 
threadless), elbows, and wyes. 

Selection of system components 
must likewise consider pull and 
junction boxes to provide (1) 
enough access points for wire feed- 
ing and pulling, (2) junction points 
for single or parallel conduit 
groups, (3) offset facilities to carry 
conduits around physical obstruc- 
tions, and to (4) simplify installa- 
tion of conductors where the num- 
ber and degree of bends in any 
conduit run exceeds code limita- 
tions. Liberally dimensioned boxes 
are recommended to provide greater 
space for cable installation, support, 
splices and taps. And, although a 
wide selection of standard boxes is 
available, it is not uncommon (par- 
ticularly on large installations) to 
design boxes and enclosures to sat- 
isfy specific local installation con- 
ditions. 

Electrical metallic tubing, due 
to its lighter weight and threadless- 
connection construction, is neces- 
sarily somewhat restricted if sub- 
jected to physical damage, corrosive 
atmospheres or other hazardous 
conditions. However, when code- 
approved locations, installation 
methods and protective measures 
are observed, EMT provides an ex- 
cellent raceway for electrical cir- 
cuits carrying power at 600 volts or 
less, while a liberal selection of 
accessory fittings provides consider- 
able latitude in design and installa- 
tion. 


Conduit; Flexible and 
Liquid-Tight 

Flexible metal conduit (a cross 
between EMT and armored cable 
minus the integral conductors) is a 
pull-in raceway, galvanized for the 
prevention of rust, designed for 
adequate grounding, and obtainable 
in various protected forms for use 
in damp locations or where sub- 
jected to oil, grease, dirt, chemicals, 
' acid fumes or abrasion. Even where 

distribution is primarily via rigid 
raceways, flexible metal conduit 
may be incorporated for connecting 
machines subject to vibration or 
movement. Obtainable in long 


i" 


Conduit clamps 


Trapeze 
hanging 


Horizontal wall 
mounting 


NEC Requirements 
RACEWAYS: Rigid Metal Conduit; Article 346 


It may be generally stated that rigid metal conduit may be used 
under all atmospheric conditions and occupancies, indoors or out- 
doors, exposed or concealed, in wet or dry locations. However, use of 
dissimilar metals throughout a system should be avoided whenever 
practicable in order to minimize possibilities of galvanic action. Also, 
unless conduit is of corrosion-resistant material, it should not be 
placed in or beneath cinder fill, or where subject to permanent mois- 
ture conditions, except if protected on all sides by at least 2 in. of 
non-cinder concrete or located at least 18 in. under the fill. Moreover, 
in wet locations or where walls are frequently washed, the entire sys- 
tem must be installed and equipped to prevent water entering the 
conduit, and conduit must be mounted so that at least %4-in. of air 
space exists between conduit and supporting surfaces. 

Uninterrupted runs of conduit between any combination of outlets 
and fittings must not contain more than 360 degrees of combined 
bends; all conduit ends must be reamed to eliminate rough edges; and 
wherever conduit enters a box or fitting, bushings shall be provided 
to protect conductors from abrasion (unless design of the box or 
fitting is such as to afford equivalent protection). 

In installation, running threads must not be used at conduit-coupling 
connection points; threadless couplings and connectors must be made 
tight and, if buried in concrete or installed in wet locations, conduits 
must be enclosed either by concrete or fill of types that will prevent 
moisture from entering the distribution system. 
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RIGID CONDUIT may be supported by numerous combinations of channel framing 
members, hangers, straps, brackets and clamps, a few of which are here illustrated. 
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STAGGERED CLAMPS make it possible to install banks of conduit risers in minimum- 
width space, as illustrated by this arrangement where grommeted U-bolts are posi- 


Lead grommets 
around all cables 


Rack elevation 


tioned in two tiers and supported by steel backing plate. 


SPRING CLAMPS are also available for holding EMT firmly in place to the top, bot- 
tom or sides of lipped channels which in turn may be rod-suspended from overhead 
slabs secured to walls by means of Z-supports. 
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NEC Requirements 
RACEWAYS: Electrical Metallic Tubing; Article 348 


Like rigid metal conduit, EMT may be used in essentially the same 
manner for concealed as well as exposed work, although (due to its 
lighter construction) it may not be used where subject to mechanical 
injury; or if protected from corrosion solely by enamel; or in hazard- 
ous locations (with exceptions discussed in Article 500); or in cinder 
concrete or fill where subject to permanent moisture (except if it be 
protected and located as noted for rigid metal conduit). 

If exposed to corrosive vapors or fumes, EMT and related fittings 
must be of corrosion-resistant material and, as noted above, dissimilar 
metals in the same system should be avoided wherever practicable. 

Due to reduced thickness of tubing, connections of sections to each 
other or to boxes, fittings or cabinets are generally made by com- 
pression, indentation, set-screw or push-on devices, rather than by 
threaded connections, although approved threaded fittings (inten- 
tionally differing from standard pipe thread dimensions) may be used. 


Typical Tubing Installation 
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Steel ferrule 


LIQUID TIGHT CONDUIT provides a 
practical, flexible raceway for locations 
subject to the presence of water, oil, 
chemicals or corrosive atmospheres. Spe- 
cial connectors, available in diameters 
up to 4 in., are designed to provide a 
positive oil seal, continuity of ground, 
and mechanical strength for the positive 
protection of the enclosed conductors. 
These cut-away and _ cross-section 
sketches show methods used by two dif- 
ferent manufacturers to obtain positive 
compression seal, 


lengths; easily cut with a hacksaw; 
installed without fittings except at 
terminal points; and available in 
aluminum, brass or bronze with or 
without special fittings, synthetic 
or metal-braid coverings, flexible 
metal conduit is a useful member 
of the raceway family. 


Surface Metal Raceways 


Many advantages of wireways 
may be obtained on smaller scales 
by utilizing surface metal raceways 
which are obtainable in various 
shapes and sizes of cross sections, 
with several varieties of covers, 
straps and mounting clips, coup- 
lings, tees, elbows, grounding 
clamps, outlets, switch and recep- 
tacle boxes, end fittings, sockets and 
the like. 

It is also possible to obtain re- 
duction connections and twist-out 
fittings that permit several raceway 
sizes to be combined in a single 
installation, while a variety of 
adapters permit raceways to be con- 
nected to standard outlet boxes, 
switches and accessory fittings. 

Simple and sturdy in construc- 
tion, safe and tamper-resistant, 
neat in appearance and relatively 
inexpensive, surface metal raceways 
are easily installed and are hardly 
noticeable when painted to blend 
with background surfaces. For 
these several reasons, they provide 
practical modernization solutions 


for installing extensions from previ- 
ously installed outlets or for serving 
additional outlets and switches, as 
well as for providing easily accessi- 
ble raceways in new construction. 
Indicative of the range of pos- 
sible surface-raceway applications: 
(1) where circuit requirements are 
minimum, compact surface metal 
raceways may be obtained having 
widths and depths of less than 3-in; 
(2) in industrial plants where race- 
ways are required to serve numer- 
ous small motors, electric tools or 
heating units, wireways can be ob- 
tained with cross sections greater 
in area than 4 sq in.; (3) in loca- 
tions such as offices, where desks 
are supplied with power, light or 
telephone service from remote out- 
areata F lets, a flat, bevelled-edge “pancake” 
SE OF ZINC as protective coating for rigid steel conduit and EMT serves as barrier type of raceway eliminates the trip- 
y to seal out corrosive moisture. Zinc likewise saves base metal by sacrificing itself ping hazard; and (4) where high- 
slowly in the cycle of galvanic action. This protective action, unique among corrosive 5 se : 
protective measures, continues as long as sufficient zinc remains. and low-potential wiring is to be 
installed along the same route, two 


NEC Requirements 
RACEWAYS: Conduit, flexible; Articles 350 and 351 


Flexible metal conduit cannot be used in (1) hoistways; except 
between risers and such devices as limit switches, interlocks or operat- 
ing buttons, (2) in storage-battery rooms, (3) in hazardous locations; 
except as permitted for flexible connections as defined. in Section 
5054-a-2, (4) in wet locations; unless conductors are lead-covered 


or other special types approved for those conditions are used, or (5) 
in locations where rubber-covered conductors are exposed to oil, 
gasoline or other material having a deteriorating effect on the rubber. 

Liquid-tight flexible metal conduit is not intended as a general- 
purpose raceway, and its use is restricted to connection of motors or 
portable equipment where flexibility of connections is essential. 
Neither is it recommended where subject to mechanical injury; where 
in contact with rapidly-moving parts; where its temperature would 
exceed 140 degrees F, or in any hazardous locations, except as per- 
mitted by Sections 5014-b, 5054 and 5073 in the NEC. 


RACEWAYS: Surface Metal; Article 352; Multi-Outlet Assemblies; 
Article 353 


Surface metal raceways and multi-outlet assemblies may be in- 
stalled only in dry locations where not subject to mechanical injury 
or corrosive vapors. This precludes their use in hoistways, storage 
battery rooms and hazardous areas. And, unless thickness of metal 
enclosures is at least 0.040 in., the potential between conductors cannot 
exceed 300 volts. 

Unbroken lengths of raceways may be extended through dry walls, 
floors and partititions, and multi-outlet assemblies can also be so 
placed, provided no outlet falls within the wall and providing covers 
are provided on all adjacent, accessible sections. 

In general, surface metal raceways and multi-outlet assemblies 
cannot be concealed, although metal raceways (when approved for 
the purpose) can be used for short under-plaster extensions; non- 
metallic multi-outlet assemblies may be recessed into baseboards, and 
metallic assemblies may be partially surrounded (back and sides) by 
the building finish. 

When combination metal raceways are used for signal, plus lighting 
and, power circuits, the different systems must be segregated in 
separate compartments identified by sharply contrasting colors on all 
interior finishes, while the same relative position of such compart- 
ments must be maintained throughout the premises. 


ELECTRICAL CONSTRUCTION AND MAINTENANCE 


rows of surface metal raceways can 
be mounted one above the other and 
in contact so that a common cover 
can be used to enclose both race- 
ways, thereby simplifying wiring 
procedures and improving overall 
neatness of the installation. 

The range of use possibilities is 
further indicated by the fact that 
components include (5) continu- 
ously covered raceways with covers 
either removable or permanently 
lipped to their bases; (6) raceways 
available either with electrical out- 
lets fixed at standard intervals or 
placed at will to meet specific local 
requirements; and (7) assemblies 
which may be ordered either as pre- 
wired or unwired units. 


Underfloor Raceways 


In the interest of simplicity and 
layout flexibility, design of modern 
commercial structures has been pro- 
gressively streamlined to the point 
where basic construction now gen- 
erally includes only outer shell, in- 
terior bearing columns, floor slabs, 
and such minimum partitioning as 
is necessary to define shafts, stair- 
wells, service areas, and utility sec- 
tions. While this “bare bones” ap- 
proach offers maximum latitude 
for subdivision of floor area, it 
also emphasizes the importance of 
floor-contained electrical distribu- 
tion systems that can serve numer- 
ous configurations of telephone, in- 
tercom, signal and power outlets, 
regardless of subsequent placement 
of walls or furniture. For this rea- 
son, critical attention should be 
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PLUG-IN STRIP, installed along baseboards in residential and 
commercial occupancies, illustrates another practical variety 
of a multi-outlet wiring system. Installation consists of (1) 
connecting the circuit feed, by means of a suitable connector, 
to a center-feed junction box; then (2) securing base sections 
to baseboard or wall by such means as clips, straps, nails or 
screws, as dictated by local construction details and molding 
design. Cover strips containing prewired receptacles are then 
pressed over base sections; and (3) circuit leads are connected 
to receptacle conductors by means of crimp connectors which 
may be insulated by tape or plastic sleeves designed for that 
purpose. Conductors in adjoining sections are (4) likewise con- 
nected and insulated (5) concealed by cover couplings; and, 


CLOSE SPACING of duplex receptacles in this shop permits variety of power 
tools and equipment to remain continuously connected, thereby eliminating 
the routine of repeatedly connecting and disconnecting tools as they are 
successively used. Multiplicity of outlets also permits tools to be used at 
any convenient position along the bench, without having the inconvenience 
of long extension cords. In this installation, raceway was surface-mounted 
against the cinder-block walls, then receptacles were positioned and wired, 
and covers and end caps were installed. Note that the surface duct is 
fed from a central junction box that obtains power by means of a conduit 


feeder installed in the wall. 
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Cut strip 


exact length———~ 


where: lateral circuit wires terminate, (6) conductors ari 
capped by wire nuts, after which end blanks are positioned t 
enclose the installation. Center-feed junctions may be con 
cealed by cover sections containing quarter-round hoods cor 
responding to the contour of standard wood baseboard cap 
ping. If low-potential wiring such as telephone or communi 
cation circuitry is also to be considered, (8) hollow stee 
quarter-round trim, constituting a separate raceway, can b 
installed atop the plug-in strip in place of conventional wood 
or may be installed at the floor line in place of toe molding 
then used also for low-potential wiring. As indicated by sketc 
(9), doorways, fireplaces or heating units can easily be by 
passed by means of additional fittings. 


focused upon the growing category 
of underfloor raceways. And thi 
category, a major sub-division, con 
cerns duct systems that (1) permi 
office layouts to be altered as de 
partmental changes in activity 
methods and personnel develop; (2) 
eliminate the necessity for hazard 
ous and unsightly extension cords 
(8) keep walls and ceilings free 0 
outlets; and thereby (4) contribut 
to overall economies in managemen 
and maintenance. 
Towards this end, underfloor due 
systems (both metal and fiber 
constitute versatile distributio1 
mediums that can be obtained a 
single-, double-, or triple-cell runs 
and can be installed as 1-, 2-, or 8 
level systems with a wide variety o 
junction boxes, duct inserts ani 
surface outlets available to satisf: 
all normal electrical needs. More 
over, with concealed raceways un 
derlying all possible areas of uti 
lization, subsequent service can b 
established or altered without fut 
ther disturbance of existing phy 


IGH AND LOW TENSION wiring is 
egregated in this box by means of in- 
erior partitions, although access to both 
ystems is possible by removal of com- 
non cover. Liberal dimensions of box 
facilitate pulling of wire and _ permit 
arge-radius bends when circuitry changes 
lirection. 


,al features in an established office. 
Since underfloor ducts are avail- 
ble in either metal or fiber with 
suct cross-sections offering a variety 
rectangular and oval shapes in 
‘arious dimensions, designers have 
, liberal choice of components to 
ineet criteria of capacity, economy 
ind construction. Similarly, since 
nection boxes may be obtained as 
ingle-, double-, or triple-tier assem- 
lies, with either open or parti- 
joned interiors, it is possible to 
lither isolate several electrical serv- 
ces within the same general duct 
stem, or to permit related cir- 
uitry to change direction or eleva- 
jon at any junction-box location. 
Such boxes and covers are easily 
‘djustable for height and may be 
veled by means of rings and 
crews; watertight gasketed plates 
‘re available to exclude moisture 
rom these junction points; unused 
OX openings can be blanked off 
nd sealed when not in use. Cover 
ates may be obtained either as 
‘at assemblies for flush floor instal- 
ations or may be recessed to re- 
eive floor-harmonizing finishes 
ch as terrazzo, linoleum, tile or 
oncrete. 
In selecting and locating compon- 
ints, four general floor layouts 
hould be considered: (1) full cov- 
rage of all usable areas, establish- 
ng provisions for all requirements 
nticipated during the lifetime of 
he structure; (2) full coverage for 
ertain portions of the floor, an ap- 
roach with somewhat less scope 
ut frequently establishing an 
cceptable compromise between es- 
ential service and economy; (8) 


NEC Requirements 
RACEWAYS: Underfloor (Metal and Fiber); Article 354 


Underfloor raceway systems must comply with all general require- 
ments for wiring methods as previously defined by the summary of 
Article 300. They are not permissible in hazardous locations, com- 
mercial garages, storage battery rooms or locations subject to corrosive 
vapors. 

Depending upon construction and width, underfloor raceways either 
may be laid flush with concrete floors and covered by linoleum 
or equivalent floor covering, or they may have to be physically pro- 
tected by various thicknesses of concrete or wood flooring. Where 
they have open bottoms, underfloor raceways must be placed upon 
smooth concrete pads and mechanically secured to same, being 
located in concrete fill between rough and finished floorslabs only. 

In the installation of underfloor raceway components, centerlines 
of raceways must coincide with centerlines of junction boxes, this 
alignment maintained by securing parts mechanically. Markers must 
be installed at raceway terminals to define lines and limits of ducts, 
while dead ends must be closed and sealed. Wherever practicable, 
raceways and fittings must be so arranged as to eliminate low points 
where water can accumulate. Junction boxes and inserts must be 
leveled to floor grade and made watertight. And, when raceways 
are of metal, junction boxes and inserts must likewise be of metal 
and made electrically continuous with the entire raceway system. 
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WITH ALL DUCTS mounted at same elevation, junction boxes may be obtained to 
accommodate either one, two, or three ducts on each side, closure plates sealing 
unused openings. Duct supports likewise are available for one or more cells, while 
wide variety of accessory components promotes flexibility in layout and variety in 
service facilities. 
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NEC Requirements 
RACEWAYS: Cellular Floor (Metal and Concrete); Articles 356 and 
358 

By code definition, cellular floor raceway systems consist of 
hollow cellular floor spaces, together with suitable approved fittings 
for the safe enclosure of electrical conductors. In such systems, a 
cell (either metal or concrete) is defined as a “single enclosed 
tubular space in the flooring,” while a header or header duct is defined 
as a “raceway running at right angles to the cells, providing access to 
same and permitting the installation of electrical conductors between 
cells and related distribution centers.” When used as electrical dis- 
tribution mediums, cells must be identified as to location and intended 
purpose by suitable markers that penetrate floor coverings, while 
junction boxes and inserts must be leveled and sealed against water 
in the same manner prescribed previously for underfloor raceways. 
Also, like underfloor raceways, they must comply with general re- 
quirements for wiring methods and are limited, as to permissible use, 
to the same extent. 

In the case of cellular metal floor raceways, junction boxes and in- 
serts must be electrically bonded to the metal flooring. And, in the 
case of cellular concrete floor raceways, inserts must be of metal 
and contain grounded-type receptacles which are positively grounded 
via suitable fittings and conductors to metal header ducts. Headers, in 
turn, are electrically continuous through their entire lengths, and are 
electrically bonded to enclosures of distribution centers by means of 
approved metallic ducts and fittings. Such header ducts in cellular 
concrete raceway systems must be installed in straight lines at right 
angles to cells; mechanically secured to the top of the precast con- 
crete underflooring; leveled so that their upper surfaces are flush 
with finished floorslab surfaces; properly closed at ends with metallic 
fittings; and sealed throughout against water penetration. 


Asrator Enclosure 
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Srapensied Acoustical ceiling ‘ 
PHANTOM VIEW of cellular metal floor shows possibility for combining cells of dif- 
ferent widths in the same unified floor structure, thereby providing larger cells for 
purposes such as air plenums, while retaining standard sized cells for electrical wiring. 
Note insulation beneath air ducts, undercoating of fireproofing material, and top slab 
of concrete fill enclosing header duct. Electrical distribution is from panel flange at 


right, through header to access boxes, down into related cells, then through cells to 
inserts beneath floor outlet heads. 


ts aaa ie aban ie x 
perimeter systems that, in effec 
transfer service outlets from e3 
terior walls and corridor moulding 
to periphery floor sections; and (4 
various special layouts such as ar 
found in banks and like occupancies 

Location of components generall 
places junction boxes at all point 
where ducts change direction or ele 
vation, intersect or connect with dis 
tribution-center ducts, headers o 
home runs. JBs are likewise recom 
mended along long straight runs 
at intervals not exceeding 50 ft, t 
facilitate wire pulling. 

After boxes have been positione 
accurately and leveled to coincid 
with finished-floor elevations, the 
are secured in place by groutins 
tying or tapping; then connectin 
ducts and supports are similar 
aligned, leveled and anchored t 
base slabs. Insert tops may bh 
leveled either to finished-floor ley 
els or slightly beneath them, so tha 
final cement surfaces can be thinl 
troweled over. After screws an 
connections have been tightenec 
home runs (when employed) ar 
installed, and the installation 1 
ready for final pour. 

To support ducts at desired elevé 
tions, saddles are adjustable fo 
height. And, since insert collars o 
various heights and cross-section 
are likewise available to confor 
with depth of duct-burial and th 
nature of local electrical needs, un 
derfloor duct systems may be ex 
actly ‘tailored’ to suit specific con 
struction conditions. Duct-relate 
components also include numerou 
types of couplings, expansion joints 
horizontal and vertical elbows, con 
duit takeoffs, caps and scores 0 
standard service fitting. Thi 
variety permits distribution sys 
tems to be readily adapted to mee 
such diverse construction condition 
as exist with fill on beam-and-slak 
wire-mesh reinforced forms on ba 
joists, single-pour slabs on _ per 
manent steel forms, or floor con 
struction involving reinforced-con 
crete joints. 


Cellular Floor Raceways 


Cellular flooring provides thi 
same basic electrical distributio1 
flexibility as that offered by under 
floor raceway systems. However 
since flooring sections (metal 0: 
concrete) now constitute an integra 
overall load-bearing part of thi 
building construction, far more cell 
are available for distribution us 
and positioning of floor outlets i 
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practically unlimited in possibil- 
ities. 

This type of construction permits 
cells to be used variously as wiring 
raceways for power, light, telephone 
and intercom services, and as rout- 
ing mediums for piping related to 
steam, gas, water, air, drainage or 
other non-electrical services. All 
such services are logically segre- 
gated by confining them within sep- 
arate cells, cells then being identi- 
fied as to their purpose and location 
by suitable markers that extend 
upward through floor coverings. 

As indicated by an accompanying 
illustration, metal cellular floor sec- 
tions having cells of different 
widths can readily be combined into 
unified flooring installations, 
thereby providing large- volume 
cells for such purposes as air-con- 
ditioning plenums, while still utiliz- 
ing standard cross-section ducts as 
electrical raceways. 

Since metal cellular floor sections 
are secured to a building’s struc- 
tural steel beams by means of bolts 
or welding, all raceways thereby 
become bonded to a mass grounding 
medium. And, since all related floor 
inserts, receptacles, header ducts 
and junction boxes are electrically 
bonded to the cellular floor, electri- 
cal grounding is continuous and 
positive throughout the installa- 
tion. 

Header ducts, installed directly 
above, in contact with, and at right 
angles to floor cells, provide wire- 
ways between distribution panels 
and cells related to them. Wiring 
passes from headers down into 
‘cells through coincident openings 
drilled through access-box bottoms 
‘and floorcell tops. Tops of access 
boxes (or handholes), set flush with 
‘finished floorslabs, are equipped 
with ample-area covers (obtainable 
‘as round, square or oblong units) 
ithat may readily be removed to fa- 
cilitate wire pulling and fishing. 
‘Ends of headers, of course, are 
capped and the entire installation 
made waterproof by approved gas- 
keting, sealing and coatings. 

Cellular floor components are pre- 
cision made, thereby minimizing in- 
stallation problems. And, with a 
liberal selection of header lengths 
and cross sections, couplings and 
connecting accessories, leveling and 
adjustment screws, special cutting 
and installation tools to assist con- 
struction crews, on-the-job fabrica- 
tion problems are generally non- 
existent or relatively minor in 
ature, 


i Switchboard 


Branch wiring ~ 
to unit heater 


FLEXIBILITY AND DIVERSITY of wireway components is illustrated in this isometric 
drawing showing conduit end fitting (1), crossover pullbox (2), square junction box 
(3), 90-degree pullbox elbow (4), 90-degree elbows (5), long and short nipples (6. and 
7), 45-degree elbows (8), T-shaped pullbox (9), different lengths of sections (10 
and 12), couplings (13), box-connecting coupling (14), slip fittings (15), and end 


plate (16). 


Another type of cellular flooring 
consists of monolithically precast 
reinforced-concrete beam-slabs con- 
taining large-area tubular cells that 
constitute effective, approved elec- 
trical raceways. 

Advantages of concrete cellular 
floors are several, since (1) long 
available lengths of beam-slabs per- 
mit construction of wide clearspan 
bays between walls and columns, 
(2) erection of lightweight, dry 
floor sections is fast, (8) structural 
framing is minimized, (4) work- 
decks become available to all trades 
almost immediately, and (5) these 
structural concrete floors require 
no additional undercoating for fire- 
proofing purposes. 

As is the case with metal cellular 
floors, wiring related to concrete 
cellular flooring is carried from dis- 
tribution centers to cells through 
metal header ducts although, since 
cells are non-metallic, the headers 
rather than the cells then become 
the basic mediums for grounding 
floor inserts and receptacles via ap- 
propriate connections and ground- 
ing wires. 

After standard header ducts are 
positioned between distribution 
panels and related cells, concrete 
fill is leveled flush with tops of 
headers and the finished floor sur- 
face is then usually covered by 
linoleum or other equivalent cover- 
ing. As indicated by an accompany- 
ing sketch, beam-slabs are notched 
along either side so that when the 
layer of concrete fill is poured, con- 
crete settles into these notched 
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keyways, thereby serving to unify 
the complete floor structure. 

Since access holes may be readily 
drilled into cellular concrete beam- 
slabs by means of diamond-tooth 
core saws, location of openings be- 
neath header-duct hand-holes and 
floor receptacle outlets is a fast op- 
eration. And, since cells are identi- 
fied as to purpose and position by 
visible markers or escutcheons, lo- 
cation of raceways is no problem. 
Of course, since cells are non-metal- 
lic, grounded-type floor receptacles 
used in such _ installations ' are 
bonded to metal header ducts 
through separate grounding wires, 
while headers in turn are made 
electrically continuous with dis- 
tribution panel enclosures by means 
of approved metallic fittings with 
sufficient conductivity. 


Wireways 


Wireways, consisting of prefab- 
ricated metal ducts or troughs hav- 
ing covers which are either hinged, 
snapped or screwed into place, pro- 
vide large-capacity raceways for 
electrical circuitry. And, since cov- 
ers are continuous for the full 
lengths of assemblies, accessibility 
to conductors (for purposes of aug- 
menting or altering wiring arrange- 
ments) results in maximum wiring 
flexibility. 

Although wireways may not be 
installed in hazardous areas, hoist- 
ways, storage battery rooms or 
where exposed to severe corrosive 
vapors or mechanical abuse, they 
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SPECIAL DUCTS were constructed in this 
instance to provide enclosed feeder race- 
ways between tierred distribution and 
control panels in commercial building. 
Due to unusual design of this reinforced 
concrete structure, thin-slab openings 
through slabs had to be limited to cross- 
section. Since specific precedence was 
lacking, consulting engineer worked co- 
operatively with electrical inspector to 
insure full compliance of design and con- 
struction with intent of code. Panels, con- 
necting ‘‘stacks,’’ and branch conduits 
extending upwards to overhead slab were 
then incorporated into corridor walls. 


have definite advantages where dry, 
exposed locations are under consid- 
eration. Outlets may be placed at 
any convenient location where cur- 
rent is required (for portable elec- 


Flush cei 


Ceiling rod 
top opening : 


TOp opening 


Ceiling rod 


; Perforated strap 
bottom opening 


bottom opening 


Ceiling rod 
or strap 

double run 
top opening 


Side wall 
side opening 


STEEL ENCLOSED wireways and auxiliary gutters may be 
supported in dozens of ways so that hinged or screw covers 
may be opened from top, bottom, or side, as desired. Special 
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NEC Requirements 
Wireways (and sheet metal troughs); Article 362 


Wireways or sheet metal troughs having hinged or removable covers 
(designed to house and protect electrical wires and cables which are 
laid in place only after wireways have been installed as complete 
systems) may be used only for exposed work in dry locations where 
not subject to mechanical injury, or corrosive vapors. Neither may 
they be used in hazardous locations or in storage-battery rooms. 
Unless special permission is granted by the electrical inspector, wire- 
ways must be securely supported at intervals not exceeding 5 ft, and 
in no instance may support intervals exceed 10 ft. 

Wireways may extend transversely through dry walls, provided sec- 
tions passing through are in unbroken lengths. Dead ends of wire- 
ways must be closed; wireways must be marked and arranged so as 
to identify the manufacturer upon completion of the installation, and 
all extensions from wireways must be made either with surface metal 
raceways, rigid or flexible metal conduit, EMT or armored cable. 


Auxiliary Gutters; Article 374 


Auxiliary gutters (modified wireways used to supplement wiring 
spaces at meter centers, distribution centers, switchboards and similar 
points of interior wiring systems) may be used to enclose conductors 
but not switches, overcurrent devices or other apparatus or appliances. 
Except in elevator work, such gutters cannot extend more than 30 ft 
beyond equipment they supplement. Gutters must be supported 
throughout their entire lengths, at intervals not exceeding 5 ft, and 


Perforated strap 
top opening 
ie 


[ Side wall 


top opening 


covers must be securely fastened. 


tric tools, small motors, heating de- 
vices, etc.), and extensions may 
take the form of surface metal race- 
way, conduit, electrical metallic tub- 
ing, or armored cable. Moreover, 
wireways can be used as auxiliary 
gutters, as defined in an accompany- 
ing code summary. 

Since wireways are manufactured 
in various standard sizes (4 by 4, 
6 by 6 in. in cross-section; in 2- 5- 
and 10-ft lengths, for example) and 
since non-standard dimensions may 
be specified on special orders when 
necessary, installations can be de- 


Offset flush 
ceiling top 
opening 


faa: 
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or mounting 


Floor mounting opening 
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Flush ceiling 


side 
opening 


Side wall 
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signed to comply with most loca 
wiring demands. Moreover, eacl 
section is provided with a remov 
able coupling at one end that serves 
to unify the entire assembly anc 
(together with intermediate cabl 
supports) also serves to hold con 
ductors in place prior to the instal 
lation of covers. 

These same couplings and cabl 
supports likewise take considerabl 
strain from hinges, latches anc 
screws after covers have been in 
stalled and closed, thereby preserv- 
ing these parts and simplifying sub: 


ing rod 
side opening 
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hangers also permit enclosures to be mounted against walls or 
ceilings, suspended from rod hangers or perforated straps: 
offset, underslung or mounted in multiple runs. zi 
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‘tion of asbestos-cement ducts is possible 
with use of bend segments having male 
‘taper on one end, female taper on the 
‘other, each machined at an angle of 2% 
degrees to provide a combined bend up to 
'5 degrees. By using segments singly or 
lin combinations, bends of any desired de- 
gree can be obtained to clear unexpected 
obstructions or accommodate revisions in 
original layouts. Other standard fittings 
include 45- and 90-degree bends, sweeps, 
curved sections, laterals, tees, elbows and 
deflection couplings. 


sequent openings and closings of 
he assemblies, 

Concentric-type knockouts at fre- 
quent intervals are provided for the 
convenient location of outlets or ex- 
tensions, while accessory fittings 
include end caps, expansion coup- 
| lings, pull boxes, closure plates for 
blanking unused openings in same, 
several degrees of curved elbows, 
fjand several types of hangers and 
bracket supports. This latter va- 
riety permits wireways to be in- 
stalled with covers located at tops, 
bottoms or sides. 


Underground Raceways 


In addition to metal conduit, un- 
derground distribution systems 
may be contained satisfactorily in 
asbestos-cement or fiber ducts, 
while numerous relatively recent 
Winstallations using plastic conduit 
likewise are gaining high accepta- 
®bility. Underground distribution 
has several advantages for, in addi- 
Mtion to leaving landscapes unmarred 
by poles and aerial cables, they iso- 
Plate and minimize accident hazards, 
permit unobstructed ground-level 
loperations, and increase current- 
carrying capacities of cables by 
minimizing ambient temperatures. 
lowever, underground distribution 
is not always feasible when local 
onditions involve such problems as 
excessive rock, corrosive soils, or 


derground system. 

_All mediums noted above have 
various plus-values to recommend 
Wheir use. For example, where un- 
Sually heavy stresses and strains 


are expected or where raceways are 
to be forced beneath roadways or 
sidewalks, steel and aluminum con- 
duits provide required resistive 
strengths. And, if installed beneath 
water tables or subjected to corro- 
sive soil conditions, added protec- 
tion may be obtained through the 
use of water-resistant asphalt coat- 
ings or encasing concrete envelopes. 

Advocates of asbestos-cement 
ducts point out that these products 
also offer reasonable mechanical 
strength and are permanent, in- 
combustible, resistant to corrosive 
action, are non-metallic, unaffected 
by electrolysis, rust or rot, and 
eannot burn under short-circuit con- 
ditions. Two wall thicknesses are 
available, thereby permitting extra 
heavy walls to be selected when a 
few ducts are to be buried directly 
in the earth, or offering thinner 
sections when banks of ducts are 
to be concrete-sheathed. Concrete 
sheaths therefore permit economic 
savings in duct purchase and also 
provide mechanical compressive 
strength and solid barriers between 
adjacent circuit-carrying ducts. 

Fiber ducts likewise have two 
wall thicknesses for similar direct- 
burial or concrete-sheathed instal- 
lations; have equivalent non-metal- 
lic resistive characteristics; have 
full lines of bends, fittings and 
end bells for fast, efficient installa- 
tion and can be obtained up to 6 in. 
in 10 ft lengths. 

Use of the longer lengths natur- 
ally reduces the number of joints 
and, in installations involving sev- 
eral miles of ductwork, this reduc- 
tion of joints can be a definite 
Jabor-saver. Several manufacturers 
of fiber duct also offer flush tapered 
couplings having the same outside 
diameters as the conduits them- 
selves, thereby permitting one 
conduit to be laid directly atop 
another. 

While relatively new in use, semi- 
flexible plastic raceways have UI, 
approval as underground electrical 
raceways and have been used satis- 
factorily for both primary (5-kv) 
and secondary distribution. They 
may be buried directly without con- 
crete coverings: are considerably 
lighter than either metal, asbestos- 
cement or fiber; will not rust, pit, 
corrode or support combustion; re- 
quire no additional coatings, paint- 
ing or linings; are easily handled 
and joined; and may be bent to 
bypass rocks and stumps or to make 
large-radius turns without requir- 
ing supplemental fittings. 
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8 runs of 4" underground 
transite ducts 


UNDERGROUND TRANSITE DUCTS 
carry primary power from outdoor sub- 
station beneath building wall, then con- 
nect with galvanized steel bends, cou- 
plings and conduit to sweep up inside 
structure Note continuation of concrete 
envelope to point above interior floor 
level, also 2-ft radius of underground 
bends to facilitate cable pulling. 


INSTALLATION of asbestos-cement ducts 
shows use of lightweight 10-ft sections, 
variety of couplings, bends and support- 
ing saddles, use of sealing compound and 
tie rods to maintain duct alignment prior 


to pour of massive concrete encasing 
work. With many fittings available to 
simplify complicated installation, —in- 
combustible casings to confine possible 
arcs and protect adjacent feeders from 
heat and flame, plus inorganic, non- 
metallic, corrosion-resistant construction 
to preclude rust and rot, prevent elec- 
trolysis and dissipate heat rapidly, such 
ducts provide widespread adaptability. 
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Switches 


of switches are used for con- 

trol and isolation of circuits 
and loads in modern electrical sys- 
tems. Such switches are readily 
classified according to construction, 
operating mechanism’ and applica- 
tion. Proper selection and instal- 
lation of switches depend upon a 
clear understanding of the many 
types and the differences between 
them. 

Classification on the basis of 
fundamental construction and op- 
erating characteristics can be made 
as follows: 

Number of Poles—In any switch, 
there are one or more line terminals 
and a corresponding number of 
load terminals. These terminals are 
called “poles”. The number of line 
or supply terminals determines how 
a switch will be classified according 
to number of poles. The number of 
poles corresponds to the number 


A WIDE range of types and sizes 


of conductor paths through ti 
switch. There are 1-, 2-, 3-, 4- ar 
5-pole switches in use today. 

In grounded electrical system 
common practice calls for carryin 
the grounded conductor unbroke 
through switches. There are ty 
ways to do this. First, a swit 
with a number of poles equal to o1 
less than the number of wires ce 
be used. Then, the neutral condu 
tor can just be carried direct: 
through the switch enclosure ar 
the other conductors connected - 
the switch poles. The second way 
to use a “solid-neutral”’ swite 
This is a switch with a number « 
poles (line terminals) equal to tk 
number of wires carried throug 
the switch, but with a solid co! 
ductor strap between one of tl 
line terminals and the correspon 
ing load terminal, The neutral co! 
ductor ig connected to these term 
nals. The switch opens and clos 


SWITCH CHARACTERISTICS 
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—_ pressure 
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1. No switch or circuit breaker shall disconnect the 
grounded conductor of a circuit unless it simultane- 
‘ously disconnects the ungrounded conductor or con- 
ductors or unless it is so arranged that the grounded 
‘conductor cannot be disconnected until the un- 
grounded conductor or conductors have first been 
disconnected. 


Three-pole switch disconnects hot 
legs and grounded neutral at the 
same time 


Load 


ACCEPTABLE 


_——— Three single-pole switches 
permit opening of neutral 
before hot legs are opened 


= VIOLATION 


2. Three-way and 4-way switches shall be so wired 
that all switching is done only in the ungrounded 
ircuit conductor. Wiring between switches and our 
lets shall, where in metal enclosures, be run with 
both polarities in the same enclosure. 


Switching in ungrounded conductor 


~~ 


ranch { ed 9.0 haar; A ms 


Neutral gene 


Three conductors must be 
in same enclosure when 
metal wire enclosures ore 
used, to ‘avoid induction 
and hysteresis heating 


Switching is : 

done in the 

grounded leg 
at | not leg 


ircuit 
Neutral <—— 3-woy switch. ~ 


3. Switches and CBs shall be of the externally-oper- 
able type enclosed in metal boxes or cabinets, except 
pendant and surface type snap switches and knife 
switches mounted on an open-face switchboard or 
panelboard. 


CORRECT HOOKUP 


WRONG HOOKUP 


External handle 
makes unit 
externally operable. 


Switch’ or May be on front or side. 


circuit- breaker 
enclosed in 
metal cabinet 


Enclosure must be weatherproof 
when installed in a wet location 
or outdoors and must be mounted 
with at least 4 -inch air space 
between enclosure and surface 
On which it is mounted. 


only the ungrounded conductors. 


GENERAL CODE RULES ON SWITCHES 


monly used in control or instru- 


4. A switch or CB must be used in a weatherproof 
enclosure when installed in wet locations or out- 
doors. The enclosure must be placed or equipped to 
prevent moisture or water from entering and ac- 
cumulating within it. 


5. Single-throw knife switches must be so placed that 
gravity will not tend to close them. Blades must be 
dead in the open position. 


Feed at top 


— Gravity tends to move 
switch to open position 


Load at bottom 


Switch blades are hot 
in the open position 


Supply Load 
HOOKU 
OF i VIOLATION 
KNIFE Proven poetical 
SWITCHES 
Supply Load 
ACCEPTABLE 


6. Switches and circuit breakers, so far as prac- 
ticable, must be readily accessible and must be 
grouped together instead of spread out. The code 
definition for readily accessible should be clearly 
understood: 

“Readily Accessible: Capable of being reached 
quickly, for operation, renewal or inspections, with- 
out requiring those to whom ready access is requi- 
site to climb-over or remove obstacles or to resort to 
portable ladders, chairs, etc.” 


7. A manually-operated circuit breaker may serve 
as a switch if it has the number of poles required for 
such switch. 


8. Knife switches rated at more than 1200 amps, up 
to 250 volts and at more than 600 amps, from 251 
to 600 volts, must be used only as isolating switches 
and must not be opened under load. Circuit break- 
ers or special switches must be used for load-break 
applications in that range. However, at lower rat- 
ings knife switches may be used for general-purpose 
applications and may be opened under load. 


8. Enclosed liquid mercury 


Number of Throws-—A switch 
‘May have one, two or more closed 
positions. Most switches are single- 
throw type, with one closed posi- 
tion. Double-throw switches’ are 
‘commonly used to switch a load 
from one supply to another or to 
Switch a supply from one load to 
another. Multiple-throw switches 
include rotary or dial switches, com- 


ment applications. 

Type of Contact—Switches can 
also be classified according to the 
manner in which they open and 
close the current path. The com- 
mon types of contacts include: 

1. Knife-blade pressure jaws. 

2. High-pressure “butt” between 
a set of movable contacts and a set 
of stationary contacts. 


“bridging” two contact points. 
Contact Breaks—When opening a 
current path, a switch may break 
contact at one or two points in the 
current path. If it breaks at one 
point in each pole, it is called a 
“single-break” type. If the switch 
breaks contact at two points in each 
current path, it is a “double-break” 


type. 
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FUSED SWITCH adapter cubicle (the large enclosure) is used here at point of reduc- 
tion from a 2000-amp busway, coming through wall in background, to an 800-amp 
busway in foreground. A 600-amp tap switch, at right of adapter cubicle, feeds 
down, under the floor slab and up to a 600-amp busway in another area, This 
equipment is a part of an extensive busway distribution system in the basement of 
a department store. Diagram shows layout, with arrow indicating angle. 


SWITCH ENCLOSURES 


Types of enclosures used with enclosed switches are as follows: 
Type 1—General Purpose 

A general-purpose enclosure is intended primarily to prevent 
accidental contact with the enclosed apparatus. It is suitable 
for general-purpose application indoors where it is not exposed 
to unusual service conditions. 
Type 3R—Raintight 

A raintight enclosure is intended primarily to meet the re- 
quirements for raintight apparatus. It will also meet the re- 
quirements for drip-tight, splash-proof and moisture-resistant. 
It is suitable for general application outdoors where sleetproof 
construction is not required. 
Type 4—Watertight 

A watertight enclosure is designed to exclude water applied in 
the form of a hose stream. It is suitable for application where 
the apparatus may be subjected to a stream of water during 
cleaning operations and the like. It will also meet the require- 
ments for drip-tight, splash-proof and moisture-resistant. 
Type 7—Class | Hazardous Locations, Groups A, B, C or D— 

Air Break 

These are enclosures for use in corresponding hazardous loca- 
tions from the National Electrical Code. Circuit interruption is 
made in the air. 
Type 9—Class Il Hazardous Locations, Groups E, F or G 

These are for use in corresponding hazardous locations. 
Type 12—1Industrial Use 

An industrial-use enclosure is designed for use in those indus- 
tries where it is desired to exclude such materials as dust, lint, 
fibers and flyings, oil seepage or coolant seepage. It meets the 
requirements for dust-tight and oil-tight. 
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Method of Operation — Switches 
may be operated (opened an 
closed) by several methods: man- 
ually, by hand movement of the 
switch handle; electromagnetically, 
by use of an electromagnetic sole- 
noid to move the contact member; 
by motor drive; or by automatic ap- 
plication of an external mechanical 
force, such as pressure in a pres- 
sure-operated switch. 


Types of Switches 


Based on particular application 
requirements, switches are de- 
signed in many types. A close look 
at the characteristics of these com- 
mon types of switches greatly clari- 
fies selection and installation. 


General-Use Switches 


General-use switches are in- 
tended for use in general distribu- 
tion and branch circuits. They are 
rated in amperes and are capable 
of interrupting their rated current 
at the rated voltage. The enclosed 
type of general-use switch is com- 
monly called a “safety switch.” 

Enclosed general-use switches 
are made in three different con- 


t 


: at a 
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BUSWAY TAPS are made through fused 
switches into attached boxes in which 
leads from load side of switch are spliced 
to a number of type S, 4-wire dropcords 
to a group of small motors, Each motor 
has its own starter and running overloac 
protection, Branch circuit, short-circuit 
protection and group disconnect are p 
vided by the single fused switch for eack 
group. A separable connector at the cor 
end affords individual disconnect. 


‘structions to satisfy the require- 
ments of heavy-duty, normal-duty 
and light-duty applications. Basic 
NEMA data are as follows: 

Heavy-duty switches, known as 
type HD, are designed for severe 
‘conditions of use—frequent oper- 
ation of contacts and long periods 
of use. Their performance and con- 
tinuity suit them to use in mass 
production industries. Typical 
heavy-duty switches are rated from 
30 amps up to 1200 amps (380, 60, 
100, 200, 400, 600, 800 and 1200 
amps) up to 600 volts ac. 

Normal-duty switches, known as 
type ND, are designed for less se- 
vere conditions of application. 
They are widely used for industrial, 
institutional and commercial appli- 
cations where service demands are 
not severe. Typical applications in- 
clude motor branch circuit discon- 
nect and service entrance. They are 
also rated 30, 60, 100, 200, 400, 600, 
800 or 1200 amps up to 600 volts ac. 

Light-duty switches, known as 
type LD, are designed for applica- 
tions where switch operation will 
be infrequent. They are commonly 
used for service entrances in resi- 
dences: and for load and circuit dis- 
connects in commercial, light indus- 
trial and farm-type buildings. 
Available ratings are up to 600 
amps, up to 240 volts ac. 
Switches are rated in amperes in 
all cases. However, types HD, ND 
and LD switches are also rated in 
horsepower. In the HD and ND 
types, switches rated 400 amps or 
less and 250 volts or less and 
switches rated 200 amps or less and 
above 250 volts are required by, 
NEMA standards to be capable of 
interrupting motor  locked-rotor 
current. Type HD switches must 
be able to interrupt locked-rotor 
current equal to ten times the full- 
load current ratings given in the 
NE Code for ac motors of corre- 
sponding hp rating. Type ND and 
LD switches must be able to inter- 
rupt current equal to six times full- 
load current of motors of corre- 
sponding hp rating. For de motors, 
HD and ND switches must be able 
to interrupt four times full-load 
current. 

General-use switches are made 
-in non-fusible and fusible types. 
The non-fusible type is used for dis- 
connect and control of feeder and 
branch circuits where overcurrent 
protection is provided in other de- 
vices. The fusible type is equipped 
with fuseholders to accommodate 
insertion of fuses in the ungrounded 
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CODE RULES ON SWITCH ENCLOSURES 


1. In walls of concrete, tile or other non-combustible material, 
cabinets shall be so installed that the front edge will not set more 
than % in back of the finished surface. In wood walls or other 
combustible material, they may not set back. 


b—Mox ba inch 


Recessed switch 
enclosure 


Wall constructed of wood 
or other combustible 
material 


; Switch enclosure 
Trim 


Front edge of enclosure 
must be flush with finished 
wall surface or project 
from it— it must not be 
recessed 

2. Unused openings in enclosures must be effectively closed by 
metal plugs or plates to provide protection equivalent to that of 
the wall of the box. 

3. Where ungrounded conductors in sizes No. 4 and larger enter 
a raceway in a switch enclosure, the conductors shall be pro- 
tected by a substantial bushing providing a smoothly rounded 
insulating surface, unless the conductors are separated from the 
raceway by substantial insulating material securely fastened in 
place. 

Where conduit bushings are made wholly of insulating ma- 
terial, a locknut shall be installed both inside and outside the 


Concrete wall 


enclosure to which the conduit is attached. 


Bushing with 
smoothly rounded 
insulating surface 


Enclosure 


Conduit 


Ungrounded conductors, 
size No.4 or larger 


IF - 


Conduit bushing is 
constructed wholly 
of insulating material 


THEN- 


A locknut must be used 
inside and outside 


4. Switch enclosures shall be selected to accommodate all con- 
ductors installed in them without crowding. 


legs. Fused switches are used to 
provide disconnect and overload and 
short-circuit protection for feeders 
and branch circuits. Fusible 
switches take cartridge fuses from 
30 amps up. Light duty switches 
are available for use with plug 
fuses up to 30-amps. 


A fusible switch can take either 
standard NE Code fuses or time- 
delay fuses—up to the rating of the 
switch. Because a given size of 
time-delay fuse can hold on the 
starting current of a motor larger 
than that which could be used with 
a standard fuse of the same rating, 
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WIRING A GROUP OF SWITCHES 


Problem: A number of branch circuits or subfeeder circuits are 
to be tapped from a feeder at one location, using fused 
switches for disconnects and short circuit protection. 
Bring feeder conduit into a suitable auxiliary gutter 
and tap from feeder conductors in gutter through the 
individual enclosed safety switches. 


Solution: 


Feeder 


Gutter at top 
to provide direct 
connections to 
line lugs in 
switches 


Enclosures 
used as 
troughs 


Enclosures 
used as 
junction boxes 


fusible switches are given two hp 
ratings—one for use with standard 
fuses, the other for use with time- 
delay fuses. For example, a 30-amp, 
2-pole, 240-volt ac switch is rated 
at 14 hp for single-phase motor ap- 
plication using 30-amp standard 
NEC fuses. But, using 30-amp 
time-delay fuses, the same switch 


Busbars or feeder 
conductors 


Gutter 


~~ Tap conductors 
in nipples 


Fused switches 


To loads 


NEC RULE SECTION 
373-8 
Switch enclosures shall 
not be used as junction 
boxes, troughs or race- 
ways for conductors feed- 
ing through or tapping 
off to other switches, un- 
less designs suitable for 
the purpose are em- 
ployed to provide ade- 
quate space. ~ 


is rated at 3-hp for single-phase 
motor applications. Similarly, a 
200-amp, 3-pole, 240-volt ac switch 
is rated at 25-hp for 3-phase motor 
applications using standard fuses 
and at 50-hp using time-delay fuses. 

Non-fusible switches have hp 
ratings which correspond to the hp 
ratings of the same size and type 


HOOKUPS FOR TWO TYPES OF SWITCHES 


Load Load 


Line lugs must 

be at top— = 
wires have to 
be crossed over 
to feed a load 
at top 


Line 


Hookup wiring in switch 
with fixed position of 
line lugs on switch interior 
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Enclosure 


No wire crossover— 
Line lugs may be 
at top or bottom, 
reducing amount 
of wire used, 
eliminating sharp 
bends and clutter- 
ing of gutter, 


Line 
Hookup wiring in switch 
with reversible interior 
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DISCONNECT SWITCHES for motor 
branch circuits are mounted on an angle- 
iron frame between two of the horizon- 
tal steel channel members which support 
the corrugated steel wall of a metal fab- 
ricating plant. Note the method of cir- 
cuit makeup: the feeder to the group of 
fused switches comes into the junction 
box shown above the center switch; a 
tap is made to each switch from the JB; — 
then the branch circuits are carried to 
their individual motor loads. This method 
is an alternative to that in which taps 
to a group of switches are made from 
an auxiliary gutter at the end of the 
feeder as shown in sketch at left. For two 
or three 30-amp disconnect switches, a 
JB would be less expensive than a gutter. 


of fusible switch using time-delay 
fuses. That is, a non-fusible switch 
has the higher of the two hp ratings 
assigned to the same switch in the 
fusible type. | 

Heavy-duty switches are avail- 
able with either front-mounted or 
side-mounted operating handles. 
Front-operated switches can be 
grouped closer together where 
space is limited. Normal-duty and 
light-duty switches are generally 
side-operated. Some light - duty 
switches are made with a front-op- 
erated toggle handle. 

Typical features of modern gen- 
eral-use switches include the fol- 
lowing: 

1. Quick-make, quick-break op- 
eration of contacts to minimize con- 
tact wear due to ares, better suit- 
ing the devices to interrupting 
inductive load currents and closing 
on high inrush currents. Types HD 
and ND switches have spring-loaded _ 
mechanisms to provide effective 
quick-make, quick-break contact op- 
eration. LD switches may have- 
spring assist. j 


MOTOR DISCONNECT switches tap 
motor branch circuits from a busway in 
a second-floor room housing refrigeration 
compressors for display cases on the main 
floor of a supermarket. A 225-amp bus- 
way run is supplied by 250 MCM conduc- 
tors in conduit which terminate in a size 
5 magnetic contactor in an enclosure at 
the supply end of the busway. The con- 
tactor feeds the busway and is controlled 
by a time switch in its coil circuit. Com- 
pressor units are racked two high for the 
length of the room. Each plug-in fused 
tap switch provides short-circuit protec- 
tion and disconnecting means for a cir- 
cuit to a compressor. Magnetic motor 
controllers for the compressors are 
mounted on the rack, with their coil cir- 
cuits run to temperature sensing devices 
in the display cases downstairs, 


2. Visible blade construction to 
readily indicate position of switch 
contacts, whether “ON” or “OFF,” 
‘and to facilitate inspection and 
maintenance of parts. 

3. High-pressure fuseholders to 
tightly clamp fuses in position, re- 
ducing contact resistance and conse- 
quent heat rise and _ providing 
longer, more reliable fuse life and 
lower switch maintenance. 

4. Interlocking cover with han- 
dle to prevent opening the cover 
with the switch in the closed posi- 
tion, providing increased safety to 
personnel, with a means for author- 
ized persons to defeat the interlock. 

5. Padlocking provisions to posi- 
tively lock the switch with contacts 
in the “OFF” position, for safe 
maintenance in electrical systems. 

6. Double-break contacts to pro- 
vide the better arc suppression of 
. breaking contact at two points in 
each path of current flow, for cooler 
operation and extended contact life. 

7. Are quenchers or chutes for 
cooler, faster current interruption. 

P 


MOTOR DISCONNECT SWITCHES 
1. A switch used for disconnecting a motor and its controller 


from its source of supply must be a motor-circuit switch rated in 
horsepower. 


HP rating equal 
to that of motor 


Controller 


2. For stationary motors rated at 2 hp or less and 300 volts or 
less the disconnecting means may be a general-use switch with 
an ampere rating at least twice that of the full-load current of 
the motor. 


General-use switch 
rated twice motor ° 


amperes Motor rated 

Or, on ac circuits only, an ac general-use snap switch 
may be used as a disconnecting means for a motor with full-load 
current not in excess of 80% of the ampere rating of the switch. 
3. For stationary motors rated at more than 50 hp, the discon- 
necting means may be a motor-circuit switch rated also in am- 
peres, a general-use switch or an isolating switch. 


Must be marked . 
Do not open under load 


Isolating switch not capable 
of interrupting stalled-rotor 
current 


Controller 


4. A motor disconnect switch must disconnect both motor: and 
controller from all ungrounded conductors, must indicate whether 
it is open or closed, must be readily accessible and must be lo- 
cated within sight from the controller location or be arranged to 
be locked in the open position. 


Switch opens all ungrounded 
conductors to controller 
and motor 


Disconnect 
within sight 
from 
controller 
OR 
Disconnect 
out of sight 
from controller 


Controller 


Note: A distance over 50 feet 
is equivalent to being 
out of sight. 


but capable of 
being locked in 
the open position 


8. Removable switch interior to 
provide easy mounting of the en- 
closure and ready, unobstructed 
pulling of wires into the switch en- 
closure. 

9. Cirewit-breaker contact mech- 
anism in larger sizes of heavy-duty 
switches (200 amps, up) to provide 
efficient load interruption up to 12 
times switch rating, using individ- 
ual pole-springs and deionizing are 
chutes and suited for use with cur- 
rent-limiting fuses at points of very 
high short-circuit duty. 

Although most applications of 


general-use switches call for single- 
throw types, the double-throw 
switch finds frequent application for 
manual transfer tasks. Heavy-duty 
and light - duty double - throw 
switches are made in fusible and 
non-fusible types for manual load 
or supply transfer or for motor-re- 
versing. Some such switches are hp 
rated for motor use. 

Accompanying illustrations show 
the use of general-use switches for 
feeder and branch circuit discon- 
nect, motor disconnect and service 
entrance use. 
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__ . 
BUS TAP SWITCHES are 200-amp fused disconnects for No. 2, 3-phase, 
480-volt circuits in 2-in. conduit to 100-amp power receptacles in an indus- 
trial area, Busway is rated at 1000 amps and will be concealed above a 
suspended ceiling in this office area. This use of busway in a dropped 
ceiling was ruled not in violation of the NE Code prohibition on concealment 
of busway, because ceiling panels can be readily removed. 


Isolating Switches 


Isolating switches are used to 
isolate a circuit or load device from 
its source of power. Such switches 
can be opened only after the circuit 
has been broken by some other 
switching device; they are not cap- 
able of interrupting the circuit cur- 
rent. Such switches are commonly 
used to isolate motors for repair or 


SERVICE LAYOUT in a small headquarters building for a city fire-alarm 


inspection, and they can often be 
locked in the open position. Both 
indoor and outdoor type isolating 
switches are available, for mount- 
ing either open or in an enclosure. 

Section 430-109 (d) of the NE 
Code permits the use of an isolating 
switch as a disconnect means for 
stationary motors rated at more 
than 50 hp. It notes that isolating 
switches for such motor discon- 


system is mounted on the inside of a solid brick outside wall. The 400-amp 
fused switch in the center is the service disconnect and is fed through the 
wall by a 2¥-in. service conduit coming into the back of the switch. 
Service conductors are run from the load side of this switch into ‘‘normal’’ 
terminals of the automatic transfer switch at left. The ‘“emergency”’ 
terminals of the ATS are fed by a gasoline-electric generator. Conductors 
from the “load’’ terminals of the ATS are carried up to the horizontal 
gutter from which the panels are tapped. 


nect applications must be plainl 
marked “DO NOT OPEN UNDEI 
LOAD.” This would apply to any 
switch not capable of interruptins 
stalled-rotor current of the motor 


¢ 


High Capacity Switches 


A wide range of types and size 
of switches is available for use i 
modern high-capacity feeder anc 
service entrance applications. lf 
the range from 200 amps to 120( 
amps, up to 600 volts, service en 
trance and feeder applications cai 
use heavy-duty, quick-make, quick 
break fusible safety switches. h 
the range from 1200 amps up t 
6000 amps, either the bolted pres 
sure switch or the power circuit 
breaker type load interrupter i: 
used. 

Many high-capacity secondary 
voltage service entrances make us 
of bolted pressure contact switches 
Typical switches of this type ar 
made in sizes from 1200 amps up 
They are generally manually oper 
ated with external handles. Mos 
common application is in a gen 
eral-purpose, ventilated enclosure 
either individually enclosed in ar 
incoming line section or combiner 
within a main secondary switch 
board. Such a switch is generall} 
used with high-capacity fuses 0: 
either the current-limiting or non 
current limiting type, depending 
upon bus bracing and coordinatio1 
requirements. 

Modern bolted pressure switche: 
are rated for breaking load, with 
standing let-through thermal anc 
magnetic stresses during fuse oper 
ation on short circuit and for clos 
ing against a short circuit. Typica 
units are rated for load breaks ut 
to 150% of the nameplate curren 
rating, at 75% to 80% powe1 
factor. Design is such that after < 
large /number of such rated loac 
breaks, the switch is still capable 
of carrying full-load current con 
tinuously without dressing the con. 
tacts. : 

With proper fusing, the assem: 
bly is capable of fault clearance 
through the fuses. With the switch 
closed and fitted with high-inter- 
rupting-capacity fuses, faults well 
in excess of 100,000 rms amperes at 
600 volts can be cleared promptly 
and safely without damage tc 
equipment or personnel. And the 
switch and fuse combination can 
be closed against the same short- 
circuit fault. 
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‘BOLTED PRESSURE SWITCH, rated 


1200 amps at 240 volts, 3-phase, is 
mounted in a ventilated cabinet set on 
angle-iron legs. This fused switch is used 
for service disconnect and protection in 


a commercial laundry and is located in a 


corner of the building. Service conductors 
will enter at top—three sets of three 
500’s with a No. 1/0 neutral for each set. 
Main feeder conductors will run to distri- 
bution panel, adjacent to the switch, at 
left, through a short section of wireway. 
Note the welded connection of wireway 
to switch enclosure. 


Another type of high capacity 
switch for use where currents are 
in the range of thousands of am- 
peres is the fused interrupter. 
Fused interrupter switches are 
made for service entrance and 
feeder applications for systems un- 


der 600 volts. Such a switch is a 


fully coordinated combination of a 
circuit breaker mechanism and cur- 
rent-limiting fuses. Characteristics 


of such a switch are as follows: 


1. Increased safety and lower 
maintenance due to the quick-make, 
quick-break operating mechanism 
which makes speed of operation in- 


dependent of force applied by the 


operator. 

2. Load-interrupting ability in 
the switch itself up to 12 times 
rated current and ability to safely 
close against short-circuit currents. 

3. Suitability for ‘use where 
short-circuit current is as high as 
200,000 amps rms symmetrical, with 


‘fault interruption accomplished by 


a 


the fuses. 


4, Standard provision for electri- 
cal operation from a remote control 
position. Such remote operation is 
required by some local electrical 
codes for service entrance applica- 
tion. g 


SWITCHES IN SERVICE ENTRANCES 


1. Point of entry of 


service entrance 
conductors ——_ 


Inside of building 


a —— Service entrance switch or switches 
must be located ata readily access- 


ible point nearest conductor entrance 


Switches used for service entrance disconnecting means must be 


approved for use as service equipment. 


To operating coil 
in switch 


> 


pene Re operation through an electro— 


operable by a direct-connected handle 
external to the enclosure. 


Pushbutton magnetic control circuit may be used 
station in addition to the required manual operation. 
outside 
service Note: Some local codes require both types 

entrance of operation. 


room 


en for service disconnect must be manually- 


Connections which depend upon solder shall not be used to 


attach service conductors to service switch terminals. 


SWITCH DISCONNECTS IN MULTIPLE OCCUPANCIES 


1. In a multiple-occupancy building, each occupant shall have 
access to his disconnecting means. 

2. Multiple-occupancy building having individual occupancy 
above the second floor shall have service equipment grouped in 
a common accessible place, the disconnecting means consisting 
of not more than six switches (or six CBs). 


Such a building may have no more 
than six service disconnect switches — 
but may have any number of dis- 
connect switches for individual 
occupancies depending upon the 
number of occupancies. 


Feeders to occupancies 


=< ___——A single service entrance layout is 
used to feed one or more meter 
banks as required by size and layout 
of building. 


Service equipment 
grouped in basement 


3. Multiple-occupancy buildings that do not have individual oc- 
cupancy above the second floor may have service conductors run 
to each occupancy. The service disconnecting means in each 


occupancy may then consist of not more than six switches (or 
six CBs). 


Service drop is carried along top of 
building with service entrance con- 
ductors for each occupancy tapping 
the drop through a service head 
fitting. 


Service 
drop 


tial 4 se] 4 scl 


Service entrance equipment in each 
occupancy 
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H DISCONNECTS FOR GROUP OF BUILDINGS 
} Single service to the premises 

i 

, Main service disconnect — 


(This is not needed where 
six subdivisions of dis- 
connect are permitted.) 


we aeE 


; Group of buildings under 
single management 


Each building has 
its own disconnect 
means within it. 
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NEC Sec. 230-76 requires that the conductors supplying each 
building in the above group be provided with a readily acces- 
sible means, within or adjacent to the building, of disconnecting 
all ungrounded conductors from the source of supply. 

The meaning of the word “adjacent” in the above rule has 
often caused confusion in applying the rule. Some authorities 
permit the use of the feeder switch in the main building as the 
only disconnect for each feeder to the outlying buildings, pro- 
viding the switches in the main building are accessible to the 
occupants of the outlying buildings. There is no definite dis- 
tance which can be applied to the word “adjacent.” Other 
inspection and engineering authorities prefer a readily accessible 


feeder disconnect within each outlying building, as shown above, 
regardless of distance from main building. 


Typical low-voltage fused inter- 
rupters are rated from 800 amps 
up to 4,000 amps, continuous. The 
switching mechanism is based on 
that used in low-voltage power cir- 
cuit breakers—the so-called “large 
air breaker.” The complete assem- 
bly—switch and fuses—is available 
in a free-standing general-purpose 
enclosure or for mounting in a 
dead-front switchboard. 


provide 


The advantage of the fused in- 
terrupter lies in its ability to assure 
safe and reliable switch interrup- 


_tion of normal current and over- 


load current up to the value of 
overload current at which the fuses 
automatic, instantaneous 
clearing of the fault. There is then 
no possibility of switch operation 
above the ability of the contacts to 
safely interrupt fault current. In 


the case of a switch with an inter 
rupting ability equal to its continu 
ous rating, there is hazard in ope 
ation of this switch on a low-leve 
fault current which is above th 
switch interrupting rating, but i 
not high enough to open the fuse 
before someone could open th 
switch. Opening such a switch at 
current above its interrupting rat 
ing could damage or even destro 
the switch. In theory, such hazar 
obtains whenever the switch has a 
interrupting rating less than th 
current value at which the fuse 
operate instantaneously. 


Automatic Transfer 
Switches 


A form of contactor control as 
sembly which finds wide use i 
modern electrical systems is th 
automatic power transfer switcl 
Such a switch is used to transfer 
power load from its normal source 
of supply to an emergency sourcé 
Typical application would be trans 
fer of a predetermined amount of 
building’s lighting load from th 
condition of normal supply by th 
utility to emergency supply from 
diesel-electric generator or a bat 
tery bank. Such transfer would tak 
place automatically upon failure o 
the normal supply. The emergenc 
load would consist only of essentié 
power devices and lighting fo 


safety. 
Automatic transfer switches ar 
generally installed in the mai 


switchboard room of a_ building 
Three circuit connections are mad 


AUTOMATIC TRANSFER SWITCH in an industrial plant pro- 
vides automatic connection of vital circuits to a diesel- 
generator supply upon failure of normal supply. Under normal 
conditions, a feeder from a 100-amp tap switch on a 400-amp 
busway in the main plant area is brought into the “‘normal 
supply”’ terminals in the ATS. The ‘‘load’’ is the CB panel’ 
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JOOA bus. tap switch 
400 A, 34, 4w, 480/277-v 
busway ‘ 


Automatic LD) i e 75 kva 480/277 Vv 


throwover switch; emergency generat 


a 

T4—> Fuel pump 

mires Boiler feed pump 
= Boiler No. | 


| 
30 E+ Boiler No.2 


aoene Lights 


EMERGENCY POWER PANEL 
3, 4w, 480/277 

15 kva 

480-120/208 v 


Panel No. 7 
(unit heaters) 


shown, which is normally fed from the 100-amp bus switc 
through the ATS. The output circuit of a 75-kva diese 
engine generator is connected to the emergency supply term 
nals of the ATS. When normal power fails, the ATS starts tk 
generator and connects its output to the panel; Equipment 

mounted on concrete-block wall in generator room. 
a 


4 
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Line Load 


Holding contacts 
for use with 
momentary push- 
button 


Operating coil 


Maintained-contact 
pushbutton or 
toggle switch 


Electrically-Held Type 


This is essentially a magnetic motor starter without the 
running overload relays. The coil must be continually 
energized to hold the contactor closed. De-energizing the 
coil opens the contactor. This type unit is used for motor 
starting equipment and for switching lighting and other 
loads on circuits of stable voltage. Because the contactor 
depends upon coil voltage to hold it closed, severe volt- 
age fluctuations can drop out the contactor. This charac- 
teristic provides low-voltage protection or release, to pro- 


TYPES OF MAGNETIC CONTACTORS 


Momentary-contac 
switch- devices 


Mechanically-Held Type 


This type of contactor has magnetic operating mechanism 
to close the contactor by energizing a coil and to open 
the contactor by energizing a coil. Various coil hookups 
can be used. The contact assembly is mechanically held in 
the closed position after the closing coil is de-energized. 
To open the contactor, the opening coil is energized to 
oppose the mechanical holding force. Energy is consumed 
only during opening or closing movement of the contacts. 
Closed unit holds on voltage dips. This type is commonly 


tect motor equipment. 


to the switch assembly—the load to 
be supplied in case of emergency, 
the normal feeder to that load and 
the circuit from the emergency 
power source. In some cases, the 
emergency power circuit is derived 
from a tap on the switchboard 
mains ahead of the main service 
switch. The load circuit is com- 
monly a feeder to a panelboard 
which supplies the essential branch 
circuits — corridor lighting, stair- 
well lighting, exit lighting and 


~ MAGNETIC CONTACTORS are mounted in a number of ways, 
depending upon the type of equipment with which they are 
_ associated: (L-R) 1. In an individual enclosure at a convenient 
point in the run of circuit conductors to be controlled, as 
_ shown here where the unit is operated by a carrier-frequency 
relay below it to control outdoor floodlights; 2. In a panel- 


used for lighting control. 


many vital light and power loads 
in a hospital, laboratory or some in- 
dustrial operations where loss of 
certain power would be dangerous. 


Magnetic Switches 


A magnetic switch is an assem- 
bly in which the operation of the 
contacts—the opening and closing 
—is performed by electromagnetic 
action. Contacts mounted on the 


r 
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moving armature are made with or 
broken from a set of fixed contacts. 
Operation is identical to that of 
the magnetic motor starter, with 
the exception of the running over- 
load relays which are not used in 
the magnetic switch or contactor, 
The basic magnetic switch is op- 
erated by energizing its coil to close 
the contacts and is held in the 
closed position by maintaining cur- 
rent through the coil. This can be 
done by using a maintained contact 


board, to control the main bus in the panel or only a section 
of the main bus; 3. In an enclosure, to control a small number 
of feeder circuits; 4. As a group in an enclosure with time 
switches which operate the coil circuits on a preset schedule; 
and 5. In a switchboard, to control feeder circuits which 
originate in the same enclosure. ; 
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REMOTE CONTROL OF LIGHTING 
and carried through the column-mounted magneti 
switches before connection to the luminaires. Con 


trol conductors are carried in conduit from the mag 
netic switches down to a panel of control switches 


Magnetic contactors—remote control switches—are 
mounted on columns, near the ceiling, in this high 
bay industrial area. Lighting circuits for fluorescent 
netic switches down to a panel of control switches. 


Bus tap switch 
fused at 20A 


(Industrial fluorescent luminaires 

d ; 30=A\'3-P 
Remote control 
switch (mechanical 


held contactor) 


1 Control button 

| panel for remote 
| operation of 

1 contactors on 
| lighting circuits 
for manufactur- 
| 

| 

| 


SEE Canmeemeeed 

¥ 480/277-v,36,4w 
——_—s, : 
A|BICIN 


sik heute 
Incandescent 
80' exit lighting 


<—,—_/ 
30, 4w circuit 
to lighting load 


Control conductors 
to panel 


Control button 
station 


pL LILLIE hry ITI TT 


4 Office area 
Remote-controll 3 No. 14 to lighting 


3-pole, 30-A remote control switches 
hanically-held contactors) fed from 


switch control panel in’ tap switches fused at 20 amps, supply 
To floodlight for office area naires shown 
parking lot 


pushbutton or toggle switch in the 
coil circuit. Or a set of auxiliary 
switch contacts can be used to keep 
current flowing in the coil circuit 
when a momentary pushbutton or 
switch is used. The coil supply cir- 
cuit is generally tapped from the 
line side of the magnetic switch it- 
self. The type of contactor in which 
the coil must be energized to keep 
the contacts closed is called a mag- 
netically-held contactor. 

A variation on the magnetically- 
held contactor is the mechanically- 
held contactor, in which the op- 
erating coil is only momentarily 
energized to close the contacts and 
momentarily energized to open the 
contacts. During the time that the 
contacts are closed or open, the 
coil is not energized and the con- 
tactor is held closed by some me- 
chanical means or by a permanent 
magnet. Because of the definite 
switch action—with mechanically 
maintained open and closed posi- 
tions—such a contactor is commonly 
distinguished from the magneti- 
cally-held type by calling it a “re- 
mote switch.” 

As the name implies, a remote 
switch offers operation of the con- 
tact assembly from one or more 
distant control stations. In such 
applications the switch is placed in 
the circuit which it is to switch. 
This may be in the middle of a split- 
bus panelboard where the switch 
controls one section of bus. It may 


be adjacent to a panel, where the 
switch controls a branch circuit or 
feeder from the panel. Or it may 
be placed up on a column, where it 
switches lighting circuits for, say, 
an industrial area. Then in each 
case, control conductors are run in 
cable or conduit from the switch 
enclosure to one or more control 
points at which pilot devices pro- 
vide for operation of the remote 
switch. The pilot devices may be 
momentary pushbuttons, toggle 
switches or an automatic device 
like a time switch. Layout of such 
contactor circuits is almost unlim- 
ited. 

The mechanically-held contactor 
has certain application advantages 
over the magnetically-held type. 
For instance, it will not change its 
operating position—will not trip 
out—on voltage dips or failures, as 
magnetically-held contactors always 
do. For this reason, the mechani- 
cally-held type is better suited to 
use on circuits for lighting and 
other loads where conditions of 
voltage fluctuation, which do not 
hurt the load devices, would keep 
dropping out magnetically-held con- 
tactors. Of course, where voltage 
is stable, magnetically-held con- 
tactors will provide maintained, un- 
interrupted closure on circuits. 

Magnetic switches offer many ad- 
vantages in convenience and ready 
utilization for switching of ac and 
de loads where frequent opening 


and closing of the circuit is a re 
quirement or where remote and/o: 
automatic operation is desired 
Typical magnetic switches are mad 
in ratings up to 1000 amps, up t 
four poles, to 750 volts ac or de 
Some units are specially rated fo: 
the high inrush current condition 
of switching tungsten filamen 
lamps. Units are also rated fo 
heating loads and fluorescent light 
ing loads. Up to the limit of thei 
ability to break locked-rotor cur 
rent, they can also be used for mo 
tor branch circuit switching wher 
overload protection is provided else 
where and for motor feede 
switching. 

Use of magnetic contactors t 
control large blocks of lighting cai 


_ be made in many ways. One or mor 


contactors may be mounted in th 
lighting panelboard to control light 
ing circuits or sections of the bus 
or may be mounted in or out of th 
panel to control the entire panel 
Such use of contactors can provid 
remote control of lighting supplie 
from panelboards in out-of-the-wa: 
places. Typical of such applicatior 
would be the use of a contactor t 
control an entire lighting panel in 
stalled in the space above the ceil 
ing of a convention hall or audi 
torium to supply the lighting fo 
the main interior. In such a case, | 
mechanically held contactor woul 
be installed either in the panel o 
just ahead of it, and its control cir 
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live 


aa 


‘cuit would be carried down to pilot 


level at which a lighting control 


‘switches at the floor level or other 


voltage rating is then selected. 
Control circuits may be either 
2-wire or 3-wire depending upon the 
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cations include control of contactor 
coil circuits, control of other relays, 
control of solenoids, and direct-cur- 


wae ues bP) Cen? Pe 


‘center might be located. type of contactor and the type of rent switching of circuits to low- 5 
Another contactor application for pilot device. For magnetically-held current motor and lighting loads. 7 
full panel control might involve lo- contactors, only two wires are Selection criteria for relays are the 3 
cating the contactor at widely needed when the pilot control de; same as those for a contactor, 
‘spaced lighting panelboards supply- vice is an automatic type—like a In use, relays may be mounted in 
ing outdoor lighting with all of the float switch, a pressure switch, a individual enclosures adjacent to y 
control circuits brought to pilot time switch or limit switch. Three load devices, panelboards or motor ; 
switches at a common point of con- wires are needed whena momentary controls with which they are asso- 
trol. For control of individual cir- contact pushbutton station is used ciated. Or they can be grouped on 
‘cuits supplying lighting loads, con- jin combination with a set of aux- panels, open or in enclosures and 
tactors may be located near the jliary holding contacts in the switch. mounted where space is available, 
‘panelboard or near the load with Mechanically-held. contactors use where their operating noise is not 
the control circuit arranged for three control circuit wires—one for objectionable and where their posi- 
maximum convenience. In all of “OPEN,” one for “CLOSE” and a_ tion provides the most efficient wir- 
these cases, the operating coil cir- common wire—to provide the defi- ing layout for load and control cir- 
‘cuits of the contactors might be nite gwitch actions. cuits. 
supplied in a number of ways de- Common relays are rated for con- 
‘pending on voltage, controlled by tinuous current per pole at 10 or 
‘manual pilot switches or automati- Relays 25 amps, for switching of circuits 
‘cally by time switches. up to 600 volts. Units are made 
Control . circuits for magnetic Relays are low-current, light duty with up to 12 poles, in various com- 
‘switches may be energized at the magnetic contactors. Their load  binations of normally-open and 
isame voltage as that of theswitched contacts are more often used to normally-closed contacts with one or 
‘supply or may be operated at a open and close control circuits than two throws of the contacts. Relay 
‘lower voltage obtained through a_ to operate power circuits. Both me- load contacts are rated for induc- 
separate or built-in control trans- chanically-held and magnetically- tive and non-inductive loads, and 
‘former. The coil of corresponding held types are made. Typical appli- some are rated in horsepower. Op- 
Low-voltage conductors To transforrners 
12 pair on upper floors 
To other — ~—. 
relays 
and switches 
No, 12 
aheandan Class 2 
Se 120/24 v 
transformer 
Number of 
switches connected 
jo each relay 
not limited 
Box in Modified 
electrical closet fluorescent Mei ease ae onan IU, | 
lamp starter : é 
x Eee ee 7 
<— sien lighting panel see ; 
| fo each pair it 
Switches Relays ‘ 
LOW-VOLTAGE SWITCHING system in an office building derives low voltage from P 
a transformer in a cabinet in the electric closet on each floor. The Class 2 remote i 
control circuit wires are carried in conduit into the ceiling plenum, where the wires x 


are then run open, Relays and switches tap off numbered pairs of wires. Modified 
‘fluorescent starter is used as a thermal CB to protect relays against sustained 
| current due to accidental locking of the switches in the closed position. 


3 
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CONTROL RELAYS and contactors for 
industrial plant motors are grouped in a 
large wall-mounted cabinet which is 
bolted to concrete block wall. 


erating coils are available with a 
range of voltage ratings—6, 12, 
24, 82, 64, 110, 220, 440, 550 and 
600 volts. 


Low Voltage Switching 


Low-voltage relay switching of 
lighting equipment has become 
popular in residential and commer- 
cial occupancies. It is used where 
remote-control, multi-point control 
and/or frequent control is required 
for a number of small 120-volt or 
277-volt lighting Jloads—individual 
luminaires or closely-mounted lumi- 
naires. The method offers reduced 
wiring requirements in many cases 
and eliminates need for line-voltage 
switches, reducing costs and adding 
safety. 

Layout of low-voltage relay 
switching systems can be made in 
many ways, depending upon the 
relay components and the branch 
circuit conditions: 

In some cases, all of the relays 
may be mounted in an enclosure 
near the panelboard supplying the 
branch circuits which the relays 
switch, with a single transformer 
mounted there to supply the low 
voltage, Where a single panelboard 
serves a large number of lighting 


branch circuits over a very large. 


area—such as large office areas in 
commercial buildings, a number 
of relays associated with each sec- 
tion of the overall area may be 
group-mounted in an enclosure in 
that area. Or an individual relay 
may be mounted in an outlet box to 
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control a single fixture or a group 
of fixtures. 

Another type of low-voltage re- 
lay system uses combination relay- 
transformer units which are 
mounted in outlet boxes to control 
single fixtures or groups of fixtures, 
with the transformer primary con- 
nected to the branch circuit con- 
ductors at the relay unit location 
and low-voltage control wiring car- 
ried down to the _ low-voltage 
switches for control. 


Other Switches 


A number of other types of 
smaller switches are used in mod- 
ern electrical systems. These in- 
clude: 

General-Use Snap Switch—This 
is the common wiring device switch. 
It is so constructed that it can be 
installed in flush device boxes or on 
outlet box covers or otherwise used 
in conjunctoin with standard wir- 
ing systems. These are made in a 
wide variety of types and construc- 
tions. There are toggle types, sin- 
gle pushbutton types, rotary type, 
mercury switches with toggle han- 


dles and switches with special 
operating handle arrangements. 
Such switches are used in just 


about every type of interior wiring 
system to control branch circuit 
equipment—lighting units or appli- 
ances. 

Standard flush tumbler switches 
with toggle handles are made in 
both spring-operated types and mer- 
cury types. Typical ratings are: 10- 
amp, 125-volt or 5-amp, 250-volt; 
20-amp, 125-volt or 250-volt; 30- 
amp, 125-volt or 250-volt. These 
include single-pole and _ double- 
pole units, 3-way and 4-way 
switches and top-wired and side- 
wired screw terminal types and the 
push-in type terminals. And stand- 
ard 15-amp and 20-amp switches 
are available with 277-volt rating 
for use on 480/277-volt lighting 
systems. 

In addition to the standard line 
of switches, there is a line of 
smaller, light-duty units called in- 
terchangeable devices. In this line 
there are both receptacles and wir- 
ing switches. As many as three 
such switches can be used in a 
single switch box which can take 
only one standard line flush switch. 
In some cases, interchangeable 
switch units have the same ratings 
as the standard line units. 

Automatic Switches—This cate- 


CODE RULES ON SNAP 


SWITCHES 


1. Snap-switches used for incan 
descent lamp loads must be “T 


-rated or, on ac circuits, must bt 


general-use ac snap switches. / 
switch that is not “T’ rated and i 
not an ac snap switch may be usec 
under certain conditions in resi 
dences and hospital and _ hote 
rooms, but not in public places. 

2. An ac general-use snap switcl 
may be used to control incandes 
cent and fluorescent lighting load 
up to the ampere rating of the 
switch at the voltage involved (1 2( 
volts for incandescent loads). | 
may be used to control motor load 
up to 80% of the ampere rating o 
the switch at the rated voltage. 

3. An ac-de general use “T’-ratec 
snap switch may be used to contro 
incandescent lighting up to the am 
pere rating of the switch at 12: 
volts. It may be used to contre 
fluorescent lighting, motor loads o 
other inductive loads up to 50% o 
the ampere rating of the switel 
at the voltage involved. 

4, Covers of flush snap switche 
which are mounted in ungroundel 
metal boxes and located withii 
reach of conducting floors or othe 
conducting surfaces must be madi 
of non-conducting, non-combustibl 
material. This requirement con 
forms to the spirit of another cod 
rule covering grounding of equip 
ment near grounded surfaces: un 
grounded metal faceplates shal 
not be installed in contact wit 
conducting surfaces nor within | 
ft vertically or 5 ft horizontally o 
laundry tubs, bath tubs, showe 
baths, plumbing fixtures, stean 
pipes, radiators or other grounde 
surfaces. 


Non-metallic 
sheathed cable 


without ground COVER | 
wire Erg ent MUST BE 
NON- : 


Snap switch in 
ungrounded 
metal box set 
flush in wall 


CONDUCTING 


G2 


htt kee 2 ay att tae ee 


Face plate within 
reach from grounded — 
surface or object. 


—— 


This may be water pipe, 
steam pipe, plumbing 
fixture or fitting, radiator, e 


To control circuit 


Liquid levels 


Where rise and fall of 
liquid is not more than 
6 ft. 


LO tise and fall exceeds 6 ft. 


SVP an 


Float switch mounted 
in top of tank 


Float rises with liquid 
level to open or close 
switch in control circuit 


These types for use where 


gory includes the various types of 
small switches in which operation 
of the contacts is performed by 
some impersonal action: 

1. A commonly used pilot device 
to automatically control operation 
of motors associated with water 
or gas systems is the pressure 
switch. Such a switch is an assem- 
‘bly containing electrical contacts 
‘arranged to be opened or closed by 
mechanical action of a diaphragm 
or piston which is actuated by pres- 
sure of water, steam, air, gas, etc. 
Of course, the switch must be con- 
nected to a pipe or boiler or other 
vessel containing the medium which 
operates the switch, to permit the 
medium to act on the diaphragm. In 
any application, the switch is set to 
operate automatically at predeter- 
mined values of pressure or vac- 
uum, making or breaking an elec- 
trical control circuit. Pressure 
switches contain means of adjust- 
ing the setting at which they will 
operate. 

A range of pressure switches is 
made for automatically starting 
and stopping motors in water pump 
service and air compressor service, 
with or without hand disconnect 
levers for shutting off the circuit 
ee and with other modifica- 
ions to suit different applications. 
3 2. A float switch is a unit contain- 
ing contacts actuated by a lever 


arm which is moved by a chain or 
rod attached to a float riding up or 
down with the level of liquid in a 
tank. Such switches are used with 
motors operating pumps which con- 
trol the level of liquid in tanks. 
Common applications for — float 
switches include automatic control 
of motors operating sump pumps 
and tank pumps. 

A number of different construc- 
tions and mounting types are avail- 
able in float switches. Units are 
made with rod-attached floats or 
chain -over-pulley float arrange- 
ments to operate the internal 
switching assembly, with varying 
travels of floats. Several mountings 
are used for float switches for open 
tanks; through-the-top mounting 
provisions are made on _ float 
switches for closed tanks. Multi- 
contact type float switches provide 
starting and stopping of a number 
of pumps in a predetermined se- 
quence to obtain the required pump- 
ing capacity to maintain liquid level 
under varying conditions of level 
rise or fall. 

3. A limit switch is another type 


of widely used pilot switch, in. 


which contacts are made or broken 
in the coil circuit of a starter by 
travel or movement of the driven 
machinery. Limit switches are 
mounted in such a way that travel 
of the machine or the load it carries 
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Pivoted bar operates 
contacts in switch 
housing 


Stop collar on chain 


Liquid 
levels 


For inside 
mounting § 


INSTALLATION OF FLOAT SWITCHES 


To control 
circuit 
Pulley 


Stop collar on 
chain moves 
pivoted bar 


Counterweight 


Chain 


25 ft std. 


float rod For 


outside 
mounting 


tionary object. Or 


CHAIN OR ROD TYPES FOR 
OPEN TANKS OR SUMPS 


will, at predetermined positions, 
trip the contacts within the switch 
housing. Limit switches are made 
in a very wide range of construc- 
tions for different applications. The 
actuating lever of lever-type limit 
switches may be a roller type, a 
push type, a fork type or a plunger 
type. 

Typical applications of limit 
switches include: slowing down and 
stopping a motor at a desired point 
or limit of travel for the machine 
or load, initiating various control 
actions or sequences at definite 
points in the travel of a machine or 
load, and the interlock to provide 
starting or stopping of a motor or' 
motors in response to the travel of 
a load driven by another motor. The 
simple lever-actuated limit switch . 
is commonly called the “track type” 
limit switch. It may be mounted on 
the machine or load and tripped by 
coming into contact with some sta- 
it may be 
mounted stationary and tripped by 
movement of the machine or load. . 

4, A time switch is a pilot control 
or direct control device in which 
a clock-type timing mechanism is 
used to open and close contacts at 
pre-determined times. The timing 
mechanism in such a switch is an 
electrically driven clock—or may 
combine electric motor drive with 
spring drive. 
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Overcurrent 
Protective Devices 


tem, required current-carrying 

capacities are determined for the 
various circuits — feeders, sub- 
feeders and branch circuits. Then 
these required capacities are con- 
verted into standard circuit conduc- 
tors which have sufficient current- 
carrying capacities based on: the 
size of the conductors, the type of 
insulation on the conductors, the 
ambient temperature at the place 
of installation, the number of con- 
ductors in each conduit, the type 
and continuity of load and judicious 
determination of spare capacity to 
meet future load growth, Or if bus- 
way, armored cable or other cable 
assemblies are to be used, similar 


l: DESIGN of an electrical sys- 


considerations go into selection 0: 
conductors with required current 
carrying capacities. In any case 
then, the next step is to provid 
overcurrent protection for each an 
every circuit. 

The basic requirements behinc 
effective application of moder 
overcurrent devices are in the NI 
Code and include the following: 

1. The overcurrent device fo: 
conductors or equipment must auto 
matically open the circuit it protect 
if the current flowing in that cir 
cuit reaches a value which will caus 
an excessive or dangerous tempera 
ture in the conductor or conducto: 
insulation. 

2. Specifically, the general rule i 


NEMA FUSE SPECS --eemnannernemem 


Class H low- voliaae cartridge fuses are rated at 600 amps or 
less, 600 volts or less, ac and/or dc, for use in holders. 


A. Interrupting ratings range from 2,000 rms amps up to 


200,000 rms amps. 


B. These may be current-limiting or non-current-limiting type 
fuses. 

C. In both single-element fuses and dual-element (time-delay — 
type) fuses, the current classifications are: 0-30, 31-60, 61-— 
100, 101-200, 201-400, 401-600 amps. } 

D. Constructions are as follows, with specific dimensions for 
each current classification at 250 volts and each current 
classification at 600 volts, to make the classifications non-— 
interchangeable with each other: 


~-Knife-blade x 
La =n 


Ferrule-type Knife blade type 
0-60 amps 61-600. amps ; 
Class J low-voltage cartridge fuses are rated at 600 amps or less, | 
600 volts or less, ac only, for use in holders. 
A. Interrupting rating must be 200,000 rms amps. 
B. These are all current limiting type fuses. 
C. Current classifications are: 0-30, 31-60, 61-100, 101 200, 
201-400, 401-600 amps. 
D. Constructions are as follows, with specific dimensions to 
designate each classification by current and voltage: 


Ferrules or Hole through blade 


knife-blades 


 —— made for 

special holders 
Ferrule-type to exclude use 
O-60amps 


of Class H fuses. 


Blades may be 
notched, instead of 
having holes. 


Knife-blade type 
6!-600amps 


Note: Fuses are tested at a constant current on a 60-cycle circuit. The 
are tested in the open, mounted in a horizontal position—either in 
a single-pole fuseholder for fuses up to 600 amps or connected to 
bus bars for larger fuses. A fuse must be able to carry 110% o 


hat the device must be rated to 
protect conductors in accordance 
ith their safe allowable current- 
carrying capacities. Of course, 
there will be cases where standard 
ampere ratings and settings of 
overcurrent devices will not corres- 
‘pond with conductor capacities. In 
such cases, the next larger stand- 
rd size of overcurrent device may 
Ibe used. For instance a 3/0 type 
R, rated at 165 amps, may be pro- 
ected by a standard 175-amp de- 
vice. And where an adjustable-trip 
ircuit breaker of the thermal trip, 
agnetic time-delay or instantane- 
ous-trip type is used, it must be set 
0 operate at not more than 125% 
of the current rating of the con- 
ductors it protects. 

8. There are a number of excep- 
ions to the rule that conductors be 
rotected in accordance with their 
current-carrying capacities. These 
re made in the interest of practical 
pplication, where necessary for 
quipment operation, and where 
conditions of use provide sub- 
stantial safety in the installation. 


MEM Mae cnt ory 
4, Overcurrent protection for 
conductors must also be rated for 
safe operation at the level of fault 
current obtainable at the point of 
their application. Every fuse and 
circuit breaker for short-circuit 
protection must be applied in such 
a way that the fault current pro« 
duced by a bolted short circuit on 
its load terminals will not damage 
or destroy the device. Specifically 
this requires that a short-circuit 
overcurrent device have a proven 
interrupting capacity at least equal 
to the current which the electrical 
system can deliver into a short on 
its load terminals. 

If a given short-circuit overcur- 
rent device does not have sufficient 
interrupting capacity for its point 
of application, it must then be pro- 
tected by another overcurrent de- 
vice which does have sufficient IC to 
open the circuit on a load-terminal 
short on the given device. And this 
second device must have sufficient 
speed of operation to open the cir- 
cuit before the given device can op- 
erate. In such hookups of dual over- 


Class L low-voltage cartridge fuses are rated at 601-6000 amps, 
600 volts or less, ac only, for fixed stud mounting. 
A. Interrupting rating must be 200,000 rms amps. 
B. These are current-limiting type fuses. 
C. Current classifications are: 601-800, 801-1200, 1201-1600, 
1601-2000, 2001-3000, 3001-4000, 4001-6000 amps. 
D. Construction is as follows, with dimensions and mounting 
holes in terminal blades to designate ampere classification: 


Blade 
aes slots or 
bolt holes in blades, 
400I-6000 
Mounting velar 
holes 00 ome) 
for oo 
current Ee 
ratings \ ¢o/-g00 801-2000 2001-3000 300I-—4000 
amps amps amps amps 


Class M low-voltage cartridge fuses are rated at 601-6000 amps, 
600 volts or less, ac only, for fixed stud mounting. 
A. Interrupting rating must be 200,000 rms amps. 
B. These are not current-limiting type fuses. 
C. Current classifications are same as Class L fuses. 
D. Construction is similar to Class L, but with different dimen- 
sions and mounting hole provisions for 2001-6000 amp 


sizes as follows: 


its rated current indefinitely in this test. 


Because ratings are 


checked in the open, consideration must be given to effective 
derating of fuses when they are enclosed under conditions of heat 


accumulation. 


ae 


current protection, it is common to 
refer to the line side device as the 
protecting device and the unit 
nearer the load as the protected de- 
vice, 

Common application of dual pro- 
tection uses combination units of 
molded-case circuit breakers with 
load side fuses. Such devices are 
used where the short-circuit duty 
exceeds that of the molded-case CB 
alone. The fuses have very high IC 
to meet the duty and have time-cur- 
rent characteristics to operate be- 
fore the CB, in the range above the 
CBs IC. The CB provides overcur- 
rent protection for operating over- 
loads and ground fault and short- 
circuit currents up to its IC, with 
the fuses opening the circuit only 
on overcurrent which exceeds the 
IC of the breaker. In this way, full- 
load switching is obtained with the 
protection against single-phasing 
and easy reset on low-level over- 
loads which are characteristic of 
CBs, while complete protection is 
obtained from the fuses. And sub- 
stantial saving is made over the 
alternative use of large air break- 
ers with full IC rating. 

Application of short-circuit over- 
current devices without careful 
determination of their suitability 
on the basis of IC can present 
serious hazard to life and property. 
Thermal and magnetic forces re- 
leased in short-circuit interruption 
can cause explosion—with flying 
pieces and propagation of flame— 
if the device is not designed, con- 
structed and rated for the current 
it interrupts. 

But safe application of a protec- 
tive device does not stop with ade- 
quate interrupting capacity for its 
own use at the point of installation 
in the system. The speed of opera- 
tion of the device must then be 
analyzed in relation to the thermal 
and magnetic energy which the de- 
vice lets through to any fault on 
its load side. 

A device may be able to break a 
given short-circuit current without 
damaging itself in the operation; 
but in the time it takes to open the 
faulted circuit, enough energy may 
get through to damage or destroy 
other equipment in series with the 
fault. This other equipment might 
be cable or busway or a switch or 
motor controller which simply can- 
not withstand the few cycles of 
short-circuit current which flows in 
the period of time between initia- 
tion of the fault and interruption 
of the current flow. 


ELECTRICAL CONSTRUCTION AND MAINTENANCE ... MAY, 1960 161 


aos 6 ae 


Grounded 
4-wire 
3-phase 
delta 


Grounded 
4-wire 

3- phase N 
wye 


_- Overcurrent device permitted 

in grounded conductor 

when device opens all conductors 
of circuit at one time 


Grounded 
3- wire 
|-phase 


3-pole C 


Grounded 
3-wire 
3-phase 
delta 


Neutral not connected 
in primary wye supply 


Three running overload 
units required:to prevent 
damage to motor_on 
single-phasing of 3-wire 
primary wye 


Branch circuit 7] 
protection, but not 
in grounded conductor 


ie 


Contreller Third unit in grounded conductor 
OVERCURRENT PROTECTION AT POINT OF SUPPLY 
Overcurrent devices where 
conductors are supplied 
from mains 


Branch circuit 

conductors are Feeder 
protected at conductors 
their carrying 

capacities 


maller 
conductors 
protected at 
point of supply 


cuits tapped 
from panel mains 


Smaller conductors 
tapping feeder 
LOCATION OF SERVICE OVERCURRENT PROTECTION 


Feeder conductors 


Unusual case of service 
overcurrent protection, at 
point of supply from , 

utility 


Outside Service 
Service disconnect 
conductors 


Outside 
Service overcurrent device 
integral part of disconnect 
or adjacent to it 
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| Code | Rules On Over- 


1. An overcurrent device (fuse or 
CB trip unit) must be placed in each 
ungrounded conductor of the circuit 


to be protected. 


et Ce EN oF 


2. An overcurrent device must not 
be placed in any permanently — 
grounded conductor, except: 1. 
where the device simultaneously 
opens all conductors of the circuit, — 
or 2. where the device is used for 
motor running overload protection — 
and is required by note to Table 
430-37 for the grounded conductor 
of a 3-phase, 3-wire circuit from 
a delta supply with a corner 
grounded. 


Ane esiatin 


HIRES CER RIeRtteen en er orn ae 


3. Overcurrent devices must be lo- 
cated where the conductor to be 
protected receives its supply, ex- 
cept: | 


REWET t5 h Preto gy 


A. Overcurrent protection for 
service conductors must be an 
integral part of or located 
immediately adjacent to the | 
service disconnect means at 
the load end of the service 
conductors, as near as pos- 
sible to the point of entry of 
the conductors, either inside 
or outside the building. Or, 
the overcurrent device ma 
be on the outer end of th 


connect means. 


oad 


ea RAS 8 OR ee ees 


urrent Protection 


B. Where the device protecting 
supply conductors is of rating 
or setting to provide protec- 
tion for smaller conductors 
tapped from the larger con- 
ductors. 


C. Branch circuit taps—as cov- 
ered in 210-19 and 210-20— 
are considered protected by 
the branch circuit overcur- 
rent devices. 


D. Tap conductors from a feeder 
may be run 10 ft without 
protecting reduced size of the 
conductors if they have carry- 
ing capacity of not less than 
the sum of the capacities of 
the conductors for the circuits 
or loads supplied, if they do 
not extend beyond the device 
or devices they supply and if 
they are enclosed in conduit, 
EMT or gutters for the length 
of their run when not part of 
a switchboard or panelboard. 


E. Tap conductors from a feeder 
may be run 25° ft without 
protecting reduced size of the 
conductors if they have carry- 
ing capacity of not less than 
one-third that of the conduc- 
tors which they tap, if the 
tap conductors are protected 
from physical damage and if 
they are terminated in a sin- 
gle CB or set of fuses which 
will protect the conductors 
not in excess of their rating. 


4. Overcurrent devices must be lo- 
cated so they are accessible, ex- 
cepting: service overcurrent de- 
vices, which may be at the outer 
end of the service; and overcurrent 
devices for circuits tapped from 
feeder busway, which may be in 
the device for tapping the busway, 
in the cord plug of a fixed or semi- 
fixed luminaire supplied from trol- 
ley busway, or mounted on a lum- 
inaire plugged into a busway. 


rae hei eae, oe f ul FA yal ry te ode Ny eee ee et de 


fs 


PROTECTING TWO SIZES OF CONDUCTORS 


No additional protection required 
at point of supply from No. 8s to 
No. 10s 

limit voltage drop, home run 
ses No. 8 conductors 


30-amp circuit protected by 
30-amp devices 


—— 


Part of circuit uses No. 10s 
which are protected properly 
by 30-amp devices 


TAPS PROTECTED BY BRANCH CIRCUIT DEVICES 


May be No. I6 or No.8 fixture wire. 


Mui |5-amp taps to lighting units or individual 
circuits outlets, with taps not over |8-in. long. 
Taps to range and water heater or taps to 
SOA range components, with taps rated not less 
eG wire than load and not less than 2O-amps. 
20-amp taps to lighting units or other 
outlets, with taps not over |8-in. long. 
10-FT TAP ALLOWANCE 
No protection at point of fap supply. 
Feeder } 
conductors 
Smaller tap conductors: each phase conductor has 
carrying capacity not less than sum of carrying 
capacities of conductors supplied by each panel 
main bus. 
Panel with a 
number of branch 
Circuits. 
25-FT TAP ALLOWANCE 
No protection at point of tap supply, 
Feeder § 
conductors | 


Smaller tap conductors: each conductor has 
carrying capacity at least one- third that of 
feeder conductor. 


Not over 
25 feet 


bs Wa 


Tap terminates in single CB or set of fuses rated for 
carrying capacity of tap conductors—may be a main 
in d panel. 


——— 


Conductors to a panel or 
a group of switches or CBs 


INACCESSIBLE OVERCURRENT DEVICES — PERMITTED 


Overcurrent device 
in plug-in unit 


Fuse in 
' cord plug 


Motor 
circuit 


~ Luminaire supplied 
by cord connection 
to busway. 


Controller 
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All protective devices take some 
time to operate. The shorter this 
time, in any case, the lower will be 
the destructive thermal and mag- 
netic forces acting on the circuit 
conductors and equipment. In gen- 
eral, fuses are faster acting devices 
than circuit breakers, due to the 
inertia of mechanical operation in 
a CB. However, both fuses and CBs 
can be effectively applied to assure 
safe correlation between let- 
through energy and destruction- 
resistance of circuit components. 

5. Coordination is the time-cur- 
rent relationship among a number 
of overcurrent devices connected in 
series—such as main feeder, sub- 
feeder and branch circuit overcur- 
rent devices. Although safety is the 
prime requirement in the operation 
of short-circuit overcurrent devices, 
coordination of overcurrent devices 
has become an extremely important 
consideration in the large and com- 
plex electrical systems used in mod- 
ern industrial, commercial and in- 
stitutional buildings. In fact, lack 
of attention to the matter of co- 
ordination is the most common 
shortcoming in many otherwise 
well-designed electrical systems. 

A given system may have each 
and every short-circuit overcurrent 
device properly rated for continuous 
current and overload and fully rated 
for IC at its point of application; 
but a feeder fault may be cleared 
by the service main overcurrent de- 
vice, or a branch circuit short will 
operate a feeder fuse before the 
branch circuit CB opens. In such 
cases, service interruption in the 
system is much more widespread 
than it would be if only the device 
nearest the fault operated. Effec- 
tive coordination, therefore, can 
minimize the extent of outages with 
their consequent disadvantages— 
loss of production, interruption of 
critical continuous processes, loss of 
vital facilities in a hospital, pos- 
sibility of panic on lighting failure 
in public places, ete. 

Coordination of overcurrent de- 
vices can be made on the basis of 
one of a number of schemes which 
correlate safety and minimum fault 
outages with economic factors: 
Selective Coordination—This plan 
of overcurrent protection provides 
for clearing any short-circuit or 
ground faults by the device nearest 
to the fault on the line side. A fault 
on a branch circuit is cleared by the 
branch circuit overcurrent device; 
and the subfeeder, feeder and main 
overcurrent devices in series with 
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CODE RULES ON FUSE APPLICATION 


1. Standard ampere ratings for fuses are 15, 20, 25, 30, 35, 40, 
45, 50,60, 70, 80;°90,, 100,-11:07).1:25711150;:.1175,: 20075225), 250; 
300, 350, 400, 450, 500, 600, 800, 1000, 1200, 1600, 2000, 
2500, 3000, 4000, 5000, and 6000. Fuses with ampere rating 
other than the standard rating listed may be used when they are 
of lower ampere rating than the standard fuse which could be 
used. 


USE OF PLUG FUSES 


2. Plug fuses must not be used in circuits of more than 125 volts 
between conductors, but they may be used in grounded neutral 
systems where the circuits have more than 125 volts between 
ungrounded conductors but not more than 150 volts between any 
ungrounded conductor and ground. And the screw-shell of plug 


fuseholders must be connected to the load side of the circuit. 


Plug 


fuses 


Not more 5 an Aaa 
than 125-volts-—@—_——_—— 
3-wire ———_@©—_—_—_ On these Se DHGSE ified 
phase eat types of 4—wire Tit oe 
120/240v ‘ ——@®———_——_ } Circuit's 277/480 Vv’ ——AX,-——— 
( plug fuses A: 
2 | ——@——_——~ | may be us = 
3- phase \ Ris) eee _ “May not be 
places ecnieee e SALS 
4-wire plug fuses 
120/208v | ® 
ee ES oa EL 


FUSE DISCONNECTS 
3. Disconnecting means must be provided on the supply side 
of all fuses in circuits of more than 150 volts to ground and cart- 
ridge fuses in circuits of any voltage, where accessible to other 


than qualified personnel. 


Cartridge fuse 


Circul 


any voltage 


the branch device back toward the 
service entrance will not operate. 
On a subfeeder fault, only the sub- 
feeder device will open. Only the 
faulted part of the system is taken 
out of service—which represents 
the minimum outage. On the other 
hand, a branch circuit fault which 
takes out the protective device for 
the subfeeder or feeder supplying 
the branch circuit panel, causes loss 
of power to all panelboards fed by 
the subfeeder or feeder. 

Each protective device in this 
plan is rated for short-circuit duty 
at its point of application. The co- 
ordination is achieved by studying 
the curve of overload current vs 
time required for operation of each 
device. Then selection of devices is 
made so that the device nearest the 
load is faster operating than all the 
devices behind it; and each of the 


Disconnect required if fuse is 
accessible to non-qualified personnel No disconnect 


required Plug fuse 
Circuit not over 150 } 


volts to ground 


= 


other devices going back to the 
service entrance is faster operating 
than any of the devices behind it. 


The main overcurrent device, the — 


one farthest from the load must 
have the longest time delay on 
branch circuit faults. 

Caseade Coordination — In this 
plan, large air CBs (low-voltage 
power breakers) can be used at 
points of application where the 
short-circuit duty exceeds the IC of 
the breaker. This is possible when 
the device is backed up by a fully 
rated power breaker which will op- 
erate with the smaller device on a 
fault on the load side of the smaller 
breaker. This is an economy type 
application for use only with large 
air CBs. 


In the cascade plan, a feeder CB ~ 
will not have sufficient IC for its — 


point of application. The main CB ~ 


4 : 


TYPE S PROTECTION RESISTS TAMPERING 
4. Effective January 1, 1961, fuseholders for Edison-base plug 


fuses must be Type S to accommodate Type S plug fuses. 


Fuse- 


holders must be designed or equipped with adapters to take 
either a 0 to 15-amp Type S fuse or a 16- to 30-amp Type S fuse; 
and 0 to 15-amp fuseholders or adapters must not be able to “ 


take 16- to 30-amp fuses. 


The purpose of this new rule is to 


prevent overfusing of 15-amp circuits. 


Time delay fuse 


Upper contact 
insulated from 
bottom contact 


Thread pitch and 
bottom contact length 
set each rating 


Top contact 
Saw-tooth ring 


All adapters fit 
Edison-base plug 
fuseholders but 
cannot be removed 


Bottom contact from fuseholder 


_Type_S fuse Type S fuseholders 
|5 amps —— Takes a —|5-amp adapter 


20 amps —— Takes a —-20-amp adapter or 30-amp adapter 


25amps —— Takes a-—30-amp adapter 
30 amps—— Takes a——30-amp adapter 


0.3-! amp 

1.12 - 1.25 amps 
1.4 - 1.6 amps 
12 -|4 amps 


Range of corresponding adapters 

provides tamper-proof protection in 
variety of current ratings upto 14 
amps. 


5. Standard cartridge fuses and fuseholders are divided into 
distinct ampere classifications as follows: 
A. Rated not over 250 volts: 0-30, 31-60, 61-100, 101-200, 


201-400, 401-600. 


B. Rated not over 600 volts: Same classification as the fore- 
going, plus 601-1200, 1201-1600, 1601-2000, 2001-3000, 


3001-4000, 4001-6000. 


Fuses rated for 600 volts may be used at any lower voltage. 


6. Cartridge fuses and fuseholders must be such that a fuse of 
any given class cannot be used in a fuseholder of a lower current 
or higher voltage rating than the fuse class. 


7. Fuseholders for current-limiting fuses must not permit inser- 
tion of fuses which are not current-limiting. 


supplying the feeders does have 
sufficient IC for its point of applica- 
tion. Both devices are equipped 
with instantaneous trips. The in- 
stantaneous trip device in the main 
CB is set to operate at some current 
value just under the IC rating of 
the feeder CB. Thus, on shorts 
above the rating of the feeder CB, 
both CBs will open to effect current 
interruption, although there may 
be damage to the feeder CB. 
Cascade coordination, therefore, 
can cause extensive’ outages and 
require more maintenance. Its use 
should be justified only by skillful 


' engineering analysis of all elements 


involved. , 


_ Partial Coordination—In this plan, 


each protective device is rated to 
satisfy short-circuit duty at its 


point of application, but instan- 
taneous trip characteristics are 


LASALLE ATLL MS LLANELLI TLL DEO DDG ELE ELS ALLEN TEP TEESE TAA AMAT TD 


used instead of selectively cali- 
brated time-delay trips. With such 
usage, two series protective de- 
vices may operate together when 
they are close together and the fault 
current reaches the level of the 
instantaneous trip setting of the 
two devices. However, in many 
cases, the impedance of cable run 
from a feeder device to a subfeeder 
device will reduce the level of fault 
current on the load side of the sub- 
feeder device to a value below the 
instantaneous setting of the feeder 
device. Thus some measure of selec- 
tive coordination is obtained. 

Of the three coordination plans, 
the selective type is fast becoming 
the most desirable and most popular 
type. The cascade type and fully- 
rated partial coordination types 
represent levels of lower cost and 
lower system continuity. 


AR A cre ee 


Fuses 

Modern fuses offer well-engi- 
neered effective circuit protection 
at relatively low cost. There are 
types and sizes of fuses suited to 
the wide range requirements of to- 
day’s electrical systems. Selection 
and installation of fuse protection 
involves a number of considera- 
tions, as follows: 

1. Where interrupting duty on a 
protective device is in the range 
from 100,000 to 200,000 rms sym- 
metrical amperes (or higher), fuses 
will almost. always be required. In 
some cases, they will be the only 
suitable devices for the job. In 
other cases, their economy will far 
outweigh any advantages of an al- 
ternative CB. And the use of cur- 
rent-limiting fuses reduces the re- 
quired short-circuit rating of load 
side equipment—switchboards and 
motor control centers can be braced 
for lower current levels. High-IC 
application may be made with a 
bolted pressure contact switch, an 
interruptor switch or general-use 
switch or may be made in combina- 
tion with a CB. In the latter case, 
the two devices are coordinated so 
the fuses operate on only the high 
short-circuit currents — covering 
the required range above the capac- 
ity of the CB to interrupt current. 
All the advantages of CB protection 
and control are, therefore, available 
from load current up to low-level 
shorts which the CB is capable of 
clearing. 

2. Fuses are fast-operating de- 
vices. Selective coordination re- 
quires careful study where fuses 
are used in the main, feeder, sub- 
feeder and branch circuit levels of 
a system. Fuses of the same type— 
same operating characteristic—can 
provide coordination on the basis 
of size: on a given short-circuit cur- 
rent, the fuse with the lowest con- 
tinuous current rating will open 
before any other similar type fuse 
of higher rating in the fault cir- 
cuit. 

Speed of fuse operation, however, 
makes it difficult to coordinate fuses 
with a CB on its load side. The 
opposite, however—a CB with fuses 
on the load side—offers very effec- 
tive coordination, with the fuse op- 
erating before the CB for faults on 
the load side of the fuse. 

Fuse manufacturers make avail- 
able coordination data on the use 
of their fuses. Such data include 
the ratios of sizes in which partic- 
ular types of fuses will operate be- 
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MOUNTING FUSES IN FUSEHOLDERS — 


Solid, low-resistance connections must be assured for all joints 


in any fuse installation. 


High-resistance contact will cause ob- 


jectionable heating, reducing the continuous full loading of the 
fuse, causing blowing of the fuse and often damaging the switch, 
panelboard or other device in which the fuse is used. Careful 
attention must always be paid to the task of installing fuses: 


1. Spring-type fuse clips should make tight contact with fuse 
terminals over a large area of fuse terminal—whether a ferrule 


or knife-blade. 


Damaged clips must not be used. 


Avoid the 


following types of contact between fuse and fuseholder: 


Ye 


Ferrule-lype 


ot Ob dg 


Knife-blade type 


2. All joints in the conductor connection to the fuseholder must 
have sufficient area of contact and sufficient pressure to assure a 


low resistance current path. 


Lug ‘A’ must be 
properly fastened to 
the wire or cable, 


Bolt "B" holding 
lug to fuseholder 
post must be tightly 
drawn up. 


Screw "C’ hold— 
ing clip to fusehold- 
er base must hold 
Clip tight. 


NON-INTERCHANGEABILITY 


Some Class J low-voltage cartridge 
fuses—up to 600 amps, current- 
limiting type—have special fer- 
rules or knife blades to provide in- 
stallation in conformity with NEC 
Section 240-23 (b); fuseholders for 
current-limiting fuses must not per- 
mit insertion of fuses which are not 
current-limiting. Such fuses can fit 
into current-limiting fuseholders 
and may also fit standard NEC 
fuseholders. But standard NEC 
fuses (Class H) cannot be inserted 
into the current-limiting holders. 


Notches permit instal- / 
lation in fuse clips 

with bolt through 
each-for fuses from 
6|-600-amps.. 


Close-up of one 
fuse clip for 

current—limiting 
fuse with notch- 
ed blade, 


Fuse body Bolt passes 

through the 

clip, excluding 
use of any fuse 
blade without notch. © ° | 
Standard blade would hit the 
bolt and could not be inserted 


properly. 


Ferrules are designed 
for either standard NEC 
clips or for special 
rejection clips which 
take only the current— 
limiting type fuse. 


Fuses from 
O-60-amps 


INSERTING FUSES 


1. Do not insert a fuse on a live 
circuit. Doing so causes an are 
which will gouge the ferrule or 
knife-blade and reduce effective 
contact in the holder. 

2. Fuse clips and ferrules and 
blades must be thoroughly clean 
and smooth across contact sur- 
faces. Use emery cloth where neces- 
sary to clean contacting parts. 

3. A ferrule in its clip is not easily 
rotated if contact is tight and sure. 
A knife blade is not readily inserted 
into spring clips without good pres- 
sure if the clip has proper pressure. 
4. Any spring-clip which has lost 
its gripping pressure should be re- 
placed or equipped with clip 
clamps of the proper size to pro- 
duce tight connection between 
fuseholder and fuse terminal, as 
shown. 

Turning knob 
closes jaws 


CLIP CLAMPS 
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fore larger fuses of the same or dif- 
ferent operating characteristics. 
And for use of fuses ahead of cir- 
cuit breakers, comparisons of open- 
ing times are available for selec- 
tive coordination. Use of such data 
assures that the CB opening time 
is less than the melting time of the 
fuse at the fault current level avail- 
able at the CB. 


3. Use of fuses may or may not 
require the use of a switching de- 
vice in conjunction with the fuses. 
The NE Code requires that a dis- 


| 


connecting means be provided on — 


the supply side of all fuses in cir- 
cuits of more than 150 volts to 
ground and cartridge fuses in cir- 
cuits of any voltage where such 
fuses would be accessible to other 


LIVE-FRONT SWITCHBOARD uses bolted-in 600-volt current-limiting fuses 
rated over 600 amps. Open mounting produces good ventilation for fuses 
allowing heavier loading and cooler overall operation of switchboard. 
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TYPES OF FUSE REDUCERS 

Fuse reducers are fuse terminal 
adapters which make possible the 
use of given sizes of fuses in fuse- 
holders of higher current classifica- 
tions. A typical application of fuse 
reducers is in the use of time-delay 
fuses in switches with fuseholders 
sized for larger fuses, for motor 
branch circuit protection and dis- 


connect. (NEC Sections 430-52, 
'430-56). 
~ && 
60-t0 - 60-to 30-amp PND, 
30-amp 600-volt 
250-volt 


Reducers slide on fuse caps. 
‘FERRULE-TO-FERRULE 


100-to 60-amp 


100-to 30-amp 250-vol t ; ; 
250-olt 100-40 30-amp Onto SO-amp 
600-volt 


Reducers slide on fuse caps. Reducer blades 
are then lined up so clips will not be sprung 


KNIFE-BLADE-TO-FERRULE 


BS 


400-to!00-amp 
600-to |00-amp — 


200-to 100-amp 
400-to 200-amp — 

600-to 400-amp 600-to 200-amp 

250-or 600-volt 250-or 600-volt 


Reducers slide on fuse blades. Screw-on 
reducer clamp is then tightened to assure 
good contact. 


KNIFE-BLADE-TO-KNIFE-8LADE 
GOIN POEL LENE TT IE LE LIER LEI LLY SE IOED EES ELLE SEALE LN, 


than qualified persons. Required 
disconnect must be provided for 
each circuit containing fuses. A 
main disconnect for a number of 
fused circuits is permitted only for 
a group of fused motor circuits. Of 
course, switch control or disconnect 
of any circuit may be required for 
convenience or for some specific 
design reason—even where the code 
does not require a switch. 

4. Fuses are thermal devices. 
They are therefore affected by am- 


' bient temperature which can alter 


their calibration. And the thermal 
characteristic of fuses produces a 
more or less common time-current 
operating curve, limiting the coor- 
dination possibilities. 

5. Fuses do not have adjustable 
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operating characteristics to meet 
changes in size or nature of load- 
ing. Change in time-current char- 
acteristic is made by changing to 
another type and/or size of fuse. 

6. Fuses for branch circuit pro- 
tection present the possibility of 
single-phasing on polyphase sys- 
tems with the consequent possibil- 
ity of damage to motors. Effective 
application of motor running over- 
load protection can eliminate any 
danger in systems where there is 
no transformer between the fuses 
and the motor. In fact, time-delay 
fuses for the branch circuit protec- 
tion may be sized to provide motor 
running overload protection. And 
where primary single-phasing in 
delta-wye or wye-delta transformer 
circuits presents a hazard to motors 
even with running overload protec- 
tion, the use of time-delay fuses for 
branch circuit protection in the 
secondary circuit to the motor will 
permit reduction in fuse size to pro- 
vide protection against single- 
phasing. There are, however, code 
approved motor hookups in which 
single-phasing can cause motor 
burnouts. 


‘Circuit Breakers 


A circuit breaker is a device for 
interrupting current flow in a cir- 
cuit under normal or abnormal con- 
ditions. Up to its continuous cur- 
rent rating a circuit breaker is 
simply a switching device. Above 
that rating—on either light over- 
load or heavy short-circuit current 
—a circuit breaker is an automatic 
overcurrent protective device. Its 
functions, therefore, correspond 
basically to that of a switch in com- 
bination with fuses. Modern engi- 
neered selection and application of 
circuit breakers depend upon a clear 
understanding of the characteris- 


tics of available types of circuit; 
breakers and their accessory de-. 


vices. 

A molded-case circuit breaker is 
a circuit breaker mechanism as- 
sembled as a complete switching 


and overcurrent protective device. 


in a supporting and enclosing hous- 
ing of insulating material. For 
modern circuit applications, such 
units are made in sizes from 15 
amps up to 800 amps, with one, two 
or three poles, for circuits rated up 
to 600 volts. 

Molded-case CBs are divided into 
size groups on the basis of frame 
sizes. A given frame size embraces 
a range of ratings of CBs which 


CB-FUSE UNITS, each consisting of a 
225-amp molded-case CB with built-in 
current-limiting fuses, are mounted in this 
enclosure on a 4000-amp busway riser in 
a large office skyscraper, Each CB unit is 
attached to the busway by bus straps tied 
into the busway. The CBs are connected 
to the straps. The combination units feed 
distribution panels. 


MAIN CB in industrial subfeeder panel 
is equipped with motor-drive operator for 
remote control and resetting of the CB 
from a distant control point. The CB can 
also be operated manually by use of a 
handle. 


have the same size molded case. 
The cases of a given frame size 
are, therefore, physically inter- 
changeable. The frame size is desig- 
nated by referring to the largest 
ampere rating available in that 
group, e.g., 100-amp, 225-amp, 400- 
amp. 

Short-circuit interrupting capaci- 
ties of molded-case circuit breakers 
vary with frame size and with volt- 
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age rating. 


Seach NS Ree ger LT eo eee 
CODE RULES ON CIRCUIT BREAKERS 


1, Standard ampere ratings for non-adjustable trip CBs are 13; 
20, 30, 40, 50, 60, 70, 100, 125, 150, 175, 200, 225, 250, 300, 
350, 400, 500, 600, 700, and 800. 


CBs MUST OPEN ALL UNGROUNDED CONDUCTORS 


2. Circuit breakers shall open simultaneously all ungrounded 
conductors of circuits they protect, except that individual single- 
pole CBs may be used for protection of each ungrounded con- 
ductor of certain types of circuits, including ungrounded 2-wire 
circuits, 3-wire single-phase circuits or lighting or appliance 
branch circuits connected to 4-wire, 3-phase systems provided 
such lighting or appliance circuits are supplied from a grounded 
neutral system and circuit voltages conform to Section 210-6. 


Two single- 
ae wo single-pole CBs 


ungrounded — \ Load 
circuit : 
Two single-pole CBs 
[= phase ; 
3-wire 4 == \ Load : 
circuit ee EXCEPTIONS 
Single-pole CB for 
i each ungrounded conductor 
3~phase PRET CTIA OE Lighting and appliance 


A-wireat-)) fs.) eS an ae ee SOnGt circus 
circuit. | ————*_ > { rated 120/208-v or 


Sa-ecueesca ) a80y/277-V 
depending upon the load 


3. Handles or levers of CBs and similar parts which may move 
suddenly in such a way that persons in the vicinity are liable to 
be injured by being struck by them shall be guarded or isolated. 


4. CBs shall be arranged and mounted so that their operation is 
not likely to injure the operator. 


NON-INTERCHANGEABLE BRANCH CBs 


5. CBs used for lighting and appliance branch circuits in residen- 
tial and other occupancies—except where maintenance and 
supervision assure that overcurrent protective devices will be 
maintained at proper rating—must be non-interchangeable 
among the following three classifications of breakers rated not 
more than 100 amps, not over 250 volts ac: 

0-20 amps 

21-50 amps 

51-100 amps 


Circuit These 20-amp CBs for 
breaker lighting and appliance circuits 
panelboard cannot be replaced by 
not under 30-amp or larger CBs. 
qualified These CBs cannot be replaced 
supervision | by any CBs over 50-amp rating. 


Note: This code requirement becomes effective July 1, 1960. 


The Underwriters’ 


Laboratories tests for 5000 amps 
IC in CBs up to 100-amp continu- 
ous current rating and for 10,000 
amps IC on any CB rated over 100 
amps or any CB at any current rat- 
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ing when the unit is rated over 250 
volts. NEMA assigns its own set 
of required IC ratings, and the 
manufacturers provide their own 
ratings for specific types and sizes 
of units. Molded-case CBs may 


TWO-POLE CBs are used for feeder pro- — 
tection and disconnect in lower sections — 
of this special control panel assembly for — 
a 600-volt, 6-wire, 840-cycle distribution — 
system for lighting in an office building. 

Upper part of switchboard contains con- — 
trol equipment for operation of 840-cycle — 
M-G sets. ; 4 


have ICs up to 75,000 rms amperes ~ 
by themselves and over 200,000 rms ~ 

amperes when current-limiting 
fuses are used in conjunction with - 
the CB unit. : 
Molded-case CBs may have ther- 
mal-magnetic or fully-magnetic trip 
operation. In the first type, over- — 
loads up to about ten times the 
continuous rating of the unit will : 
4 


be opened by a_heat-responsive — 
mechanism, with a time-delay char- — 
acteristic inversely related to the 
amount of overload. Higher cur-— 
rent values will actuate the mag- — 
netic short-circuit trip mechanism > 
to open the circuit instantaneously. 
In a typical fully-magnetic CB, 
time-delay operation on overloads 
up to ten times current rating is 
provided by a magnetic coil work- 
ing with a movable core in an oil 
dashpot. Again time-delay is in- 
versely’related to current. At higher — 
currents the magnetic trip assembly — 
is capable of opening the circuit 
without movement of the core slug. © 
Some molded-case CBs—in the 
range of sizes up to 100 amps—have j 
non-interchangeable trip mecha- 
nisms of fixed operating character- 
istics. Others—in the larger sizes 
—have adjustable short-circuit trip 
elements which may also be inter- 
changeable. And there is a type of 
molded-case CB in the larger sizes 
which contains only a short-circuit 
trip element and has no time-delay 
overload trip to cover the range up 


bas eel 


= 
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DUST-TIGHT ENCLOSURES for CBs in a 
conveyor tunnel of a grain elevator are 
dust-ignition-proof equipment approved 
for Class I|, Group G installations. Equip- 
ment is bolted to angle-iron frame and 
fed from a dust-tight gutter with a 
gasketed cover and flange-type bolted 
cover locks, 


to the short-circuit trip setting. 
Such a CB is designed for use in 
combination with motor starters, 
where the running overload device 
in the starter will take care of over- 
loads and the CB will operate only 
on high level faults above the ca- 
pability of the running overload 
device to clear the circuit. 

In the smaller sizes (15-100 
amps) of molded-case CBs, those 
for panelboards and so-called load 
centers for residential and light- 
duty commercial use, there are 
many types of units suited to vary- 
ing conditions of use. For applica- 
tion where the CB units will not be 
used for frequent switch control of 
the circuit and where IC is less than 
5000 amps, there are single- and 
multi-pole units which offer excel- 
lent overcurrent protection with 
simple reset after trips. Some such 
units trip to the “OFF” position; 
others have trip-indicating posi- 
tions for the handles. This latter 
feature provides instant identifica- 
tion of tripped circuits in a panel 
where a number of circuits might 
be normally “ON” and a number 
normally “OFF.” Where switch 
control is required at the panel CB, 
‘units with quick-make, quick-break 
contact operation offer longer,'more 
‘reliable life. And where required 
by voltage or where IC exceeds 5000 
mps, E-frame CBs can be used up 
to 10,000 amps or F-frame CBs up 
to 20,000 amps. 


——__ 


=1>— Load 


Line 


5 eile ait 1, a 


ACCESSO 


' 
— 


' — 
1 


; Pushbutton. for 
remofe tripping 


Shunt-trip coil 


© Remote control 


motor circuit 


For operating 

signals, relays, 
indicators or 
other control 

devices 


Sets of auxiliary 
contacts operate 


with CB con 


facts 
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RIES FOR MOLDED-CASE CBs 


SHUNT TRIP: Opens breaker by 
remote control, permits pushbut- 
ton remote tripping. Used to dis- 
connect power from a remote or 
centralized point or to interlock 
with other electrical circuits (ac 
or dc). Can be actuated by limit 
switch or relay for automatic 
feedback control. 


MOTOR-OPERATED MECHAN- 
ISM: Opens, closes and resets 
breaker by remote control. Can 
be used for automatic reclosing 
or preferred-emergency hook-up 
by addition of relay. For auto- 
mated installations, isolated un- 
attended pumping _ stations, 
radar systems, etc. 


AUXILIARY SWITCH: Operates 
relay and control circuits at same 
time as breaker. For remote indi- 
cation of breaker position (ON 
or OFF) by means of indicating 
lights. Can also actuate relays, 
contro! related equipment, in- 
terlock with other breakers. 


aT 
i. 
2 
=  Undervoltage coil 
trips CB when line 


voltage drops 


UNDERVOLTAGE RELEASE: Trips 
instantly when voltage dips. 
Used to protect motors, eleva- 
tors, hospital and theatre lights 
against damage or loss of volt- 
age and to actuate emergency 
equipment. Voltage must be re- 
stored before breaker can be 
reclosed. No time delay in op- 
eration. 


——Trip elements 


! 
| 4—Alarm switch 
coniacfs operate 
only on automatic 
tripping to indicate 
a fault condition 
Circuit for 
alarm bell 
or light 


BELL ALARM SWITCH: Signals 
when breaker trips, protects 
against unobserved outage, re- 
sets automatically. 


ELECTRICAL CONSTRUCTION AND MAINTENANCE .. 


» MAY, 1960 


169 


TYPES OF CB TRIP OPERATION 


Supply Load SERIES TRIPPING 
Contacts —— 
Trip element in series with each conductor, responds to 
current to open contacts, 
SHUNT TRIPPING 
Supply } {Looe 
Current transformer 
Source of / 
voltage for 
trip coil may 


be same ‘supply 

as that toCB 
itself or may be 
separate circuit 


This switch may be pushbutton or may be 
relay contacts-for manual or automatic 


Relay coil set to operate in response to 
& current condition in load. 


tripping. 


NOTE: The series-irip element is a direct-acting, automatic circuit-opening device. 
The shunt-trip coil does not act directly in the load circuit. Through relays, shunt- 
trip coils may be used for automatic overload opening of the load circuit or may be 
used with a manual switch in the coil circuit for manual tripping of the CB. Relay- 
type overcurrent protection with circuit breakers or contactors varies widely in 
characteristics and application, constituting a considerable engineering task in effec- 


tive selection. 


Power CBs 


Low-voltage power circuit break- 
ers, also called large air breakers, 
are heavy-duty switching and pro- 
tective devices with high interrupt- 
ing capacities. Such CBs have 
rugged contact assemblies, provi- 
sions for are suppression, either 
manual or electrically-powered op- 
eration. They are available either 
as individually mounted units—in 
wall or floor mounting enclosures— 
or in switchboards or load center 
substations. Typical characteristics 
of low-voltage power breakers are 
as follows: 


1. Available in ratings from 15 
amps up to 4000 amps, continuous 
current, in ratings of 240, 480 and 
600 volts. 

2. Interrupting ratings vary with 
size and voltage rating from 15,000 
up to 150,000 rms amps asymmetri- 
cal (and beyond 200,000 amps in 
combination with suitable current- 
limiting fuses). 

3. Fully-magnetie tripping char- 
acteristics based on as many as 
three individual elements—long 
time-delay, short time delay and- 
instantaneous trip. These separate 
elements may be used singly or in 
any combination to accomplish 


MOUNTING POWER CBs: STATIONARY vs DRAWOUT 


Low-voltage power circuit breakers—so-called large air break- 
ers—can be mounted either stationary or with drawout con- 


struction. 


In the stationary type, the CB is bolted to the switch- 
board bus and secured to the structure. 


In the drawout type, the 


CB assembly is mounted on a simple racking mechanism which 
permits easy disconnecting of the CB and withdrawal from the 


enclosure. 


Drawout-type CBs afford easier and safer maintenance. 


And 


because the weight of the CBs can be withdrawn, handling and 
installation of the switchboard enclosure is greatly simplified. 
Ready insertion of spare breakers during maintenance of 
regular units offers needed service continuity in many applica- 
tions. Modification of breakers—change in trip elements to 
meet varying load requirements—is another advantage of 
drawout mounting. 

Stationary-type CB mounting first of all reduces the depth re- 
quirement on the switchboard. And because CBs will not be 
drawn out, aisle space in front of the enclosure can be less than 
it would be with drawout CBs. The stationary-type is suited to 
minimum space applications. 


170 ELECTRICAL CONSTRUCTION AND MAINTENANCE 


. .» MAY, 1960 


time-current curve shaping for any — 
selective coordination scheme. Ad- — 
justments are provided for the long 
and short time-delay pickup  set- 
tings. The instantaneous trip may 
be set at the factory or may be ad- 
justable. 

Low-voltage power circuit break- 
ers are used commonly for main and 
feeder disconnect and protection in 
large capacity secondary systems. 
They provide for circuit breaker ap- 
plication above the range of molded- 
case CBs (800 amps). They are 
suited to applications where high 
frequency of switching operation 
demands a rugged unit to handle 
heavy currents. In combination 
with current-limiting fuses, they 
constitute high capacity service 
main devices for connection to 
secondary networks with extremely 
high short-circuit capabilities. 

Application of all circuit break- 
ers should include consideration of 
the following: 

1. Practical elimination of single- 
phasing is effected through the use 
of multi-pole CBs on polyphase cir- 
cuits. 

2. Effective switching is provided 
for current interruption up _ to 
short-circuit rating and a CB can 
be safely closed against shorts. 

83. Wide-range tripping adjust- 
ability facilitates selective coor- — 
dination. 

4. Some current derating should” 
be used to cover effect of ambient — 
temperature on thermal elements. 

5. Speed of circuit breaker op- — 
eration on overloads and shorts © 
should be determined to evaluate — 
danger of let-through energy. Cur- — 
rent-limiting fuses are frequently — 
the only solution. ; 


1600-amp low-voltage power circuit 
breaker shows its substantial frame and — 
operating assembly. Such units meet all 
CB needs above 800 amps and find use | 
even at lower current values where in- ~ 
terrupting ability is beyond that of a ~ 
molded-case CB. Unit may be mounted 
stationary or on drawout mechanism. 1 
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TYPICAL CONSTRUCTION of manual 


WHAT'S THE 
DIFFERENCE 
IN ELECTRICAL 
WIRE AND 


CABLE ? 
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You'll find the difference ir 


Research and development. american Stee! & 
Wire maintains a large staff of fully qualified engineers 
whose objective is to improve existing products and 
develop new ones. This is the key to a successful re- 
search program. 


ame OU sa 


Design Engineering. cable design is an art in itself Quality Control. From conductor to jacket, even 
requiring ability to combine electrical and mechanical step of manufacture is carefully controlled to make sure 
elements to withstand all the destructive forces en- you receive the best Tiger Brand Cable for your particu’ 
countered in service. lar application. : 


Specially engineered USS Tiger Brand Electrical Cables 


For mining machines. Amerclad cables For shovels. Cables that operate continu- For city power systems. Lead-covered, 82)” 
that provide long service in spite of bend- ously under the most adverse conditions filled, paper cables for reliable service. — 


ing, twisting and general hard usage. of weather and abrasion. 


ss) Tiger Brand—here’s why! 


For more than 68 years, American Steel & Wire has been producing the finest quality electrical wire and cable. In 
this period, we have constantly aimed to improve materials, develop better constructions and use the best cable 
manufacturing processes. We have two good reasons for doing this; first, our customers demand the most reliable 
cable they can get, and second, they want the advantages of the latest developments in research, design and 
engineering. . 

The differences in electrical cable are seldom visible at a glance. They show up, for example, in mining machine | 
cable that absorbs shock and vibration, withstands crushing weights, and severe abrasion for unbelievably long 
periods. Or they appear in a new irradiated polyethylene cable designed for extra-high resistance to heat and 
moisture... in submarine cables that work under water for 30 or 40 years . . . in power cables that resist corona 
cutting. 

In USS Tiger Brand Cables, you reap the advantages of all the research, engineering skill and manufacturing 


experience gained in making every type of cable from the smallest control cable to the largest dredge cable. There 
is a difference in cable—and you'll find it by using Tiger Brand. : . 


itl 


‘Modern Production Equipment. This new and Field Engineering. Where specific problems are en- 
‘up-to-date continuous vulcanizer is just one of the many countered, our field service engineers are available to 
new pieces of precision equipment that result in uniform help you choose the right cable for the job or to suggest 
‘high quality of USS Tiger Brand Electrical Cables. different constructions to obtain better service. 


For industrial plants. Armorlokt armored For highway lighting. Type RR power cable For underwater use. Armored submarine 
Cables eliminate conduit, reduce installa- resists soil acids in direct burial. cable supplies dependable power for years. 
tion costs. 


(more on next page) 


uick facts on @sS Tiger Brand Electrical Cables 


Tiger Brand Paper Cable—Premium quality cable for high voltage 
use. Regular copper-bearing lead or tellurium lead sheaths 
available—both protected during manufacture by blanket of 
inert gas to prevent formation of oxides. All constructions avail- 
able including neoprene (glass-reinforced) and plastic sheaths. 


Tiger Brand Asbestos Cable — Cotton or asbestos braids, lead 
sheaths or interlocked armor coverings furnished. Available in 
asbestos or asbestos varnished cambric construction also in the 
new Type IPE (irradiated polyethylene) construction for extra 
high resistance to heat and moisture. 


Tiger Brand Varnished Cambric Cable—Furnished in braided cover- 
ings (for dry installations), lead sheaths (for underground dis- iN 
tribution), or armored coverings (for exposed work). Versatile, ' 
dependable, rugged, and economical ‘‘work horse” of standard — 
insulations. 


F 
Tiger Brand RR Cable—Rubber-insulated neoprene sheath. A ver- 
satile cable for control and power applications. Both ‘‘conduit 
and duct”’ or ‘‘direct burial’’ (heavy jacket) types are available. 
Many constructions, including self-supporting aerial cable, can Y 
be furnished. 


Tiger Brand Amerclad—The very highest quality in heavy-duty — 
portable cords and cables. All jackets are vulcanized in a lead © 
sheath, and are permanently marked with molded identifica- 
tions. Over-all neoprene jackets show phenomenal resistance is 
to abuse, sunlight, grease, oil or acid‘mine water. ( 


Tiger Brand Submarine Cable—Special marine insulation, used on — 
leadless armored cables, has over 40 years of proven operation 
in all types of underwater service. American Steel & Wire 
pioneered the use of aluminum armor for salt water installation. 


Tiger Brand Interlocked Armor Cable — Aluminum, bronze, galvan- 
ized or stainless steel armor furnished over any type of insulated 
core. Features higher current carrying capacity (cable in free 
air), ease of installation and maintenance, and space saving. 
Rubber or varnished cambric insulations are standard. 


Tiger Brand Elevator Cable—Carefully designed to insure the right 
amount of flexibility for smooth, straight trailing. Annunciator, — 
control, signal, or lighting cables with braid or neoprene covers _ 
can be furnished, with steel supporting strand added for high- ~ 
rise elevators. 


For more detailed information, get in touch with American 
Steel & Wire, 614 Superior Ave.,/N.W., Cleveland 13, Ohio. 


USS, Tiger Brand, Amerclad, and Armorlokt are registered trademarks 


American Steel & Wire 
Division of 
United States Steel 


Columbia-Geneva Steel Division, San Francisco, Pacific Coast Distributors 
Tennessee Coal & Iron Division, Fairfield, Ala., Southern Distributors 
United States Stee! Export Company, Distributors Abroad 


-Switchboards and 
Panelboards 


AJOR National Electrical Code 
Nf resicements which apply to 

switchboards and panelboards, 
ire summarized as follows: 

Since switchboards and panel- 
»oards contain overcurrent devices, 
Section 240-16 has a definite bear- 
ng on the ultimate location of such 
squipment. This section requires 
hhat overcurrent devices must be 
readily accessible (except as pro- 
vided in Section 230-91 for service 
4quipment and Section 364-11 for 
dusways), not exposed to physical 
Jamage, or not in the vicinity of 
sasily ignitible material. 

Section 384-3 (a and b) requires 
vhat conductors and busbars on a 
switchboard, panelboard or control 
ooards be so located as to be free of 
ohysical damage, and they must be 
neld firmly in place. 

Busbars and conductors must be 
arranged to avoid overheating due 
so inductive effect. Inductive effect 
zan be avoided if all conductors of 
circuit follow the same path 
shrough any opening in steel parti- 
sions within switchboard or panel- 


3 Switchboard NY 


(See note 
B Two doors 
recommended 


Clearances for Switchboards 
Requiring Accessibility of Parts 
From Rear of Board 


5S 


Section 3884-4 requires that 
switchboards with any exposed live 
parts be located in permanently dry 
areas and under competent super- 
vision. Only qualified persons shall 
have access to switchboards with 
exposed live parts. 

Section 384-5 requires weather- 
proof enclosures for switchboards 
installed in a wet location or out- 
side of a building. 

Section 384-6 requires that 
switchboards be so placed as to 
minimize the probability of com- 
municating fire to adjacent easily 
ignitible material. 

Section 384-7 requires a 3-ft 
minimum clearance between the top 
of a switchboard and a non-fire- 
proof ceiling, unless an adequate 
fireproof shield is provided between 
the board and the ceiling. 

Section 384-8. If a single panel 
switchboard is not over 42 in. wide, 
and equipment or wiring is acces- 
sible only from the space behind the 
board, at least 18 in. of clear space 
is required between the wall and 
the rear of the board. And when the 
switchboard consists of a panel over 


Space behind swhbd. 

cannot contain foreign 

material, nor be used for 

storage purposes or passageways. 
Clearances: 


A -|8in. if width of 
swhd. panel is not 
over 42 in. 


24 in. if panel width 
exceeds 42 in. or consists 
of more than one panel 


B - 18 in. regardless of 
swhd. width. 


Note: The above clearances 
must be increased by 6 in. 

if space behind board is 
accessible only from one end, 


KETCH SHOWS a typical switchboard room with minimum code clearances. As a 
afety precaution, two doors are recommended where switchboards are connected to 
stems having high current-interrupting capacities. 


225A 
Double 
lugs 


Note: These drawings apply only to lighting and appliance branch cct, panelboards. 


FIVE DIFFERENT METHODS of connecting lighting and ap- 
pliance branch circuit panelboards are possible when the rat- 
ing of the feeder overcurrent device exceeds 200 amps. 
any one of these methods may be used if more than 42 


42 in. wide or more than one panel, 
the clear space behind the board 
shall be increased to 24 in. If the 
space. behind the board is accessible 
only from one end, these clearances 
shall be increased by at least 6 in. 
The space back of switchboards 
shall be kept clear of foreign ma- 
terial and shall not be used for 
storage purposes, nor as passage- 
ways. 

Reduction of clearances for short 
intervals by building columns be- 
hind the switchboard, or by equip- 
ment on a single panel in the switch- 
board, is permitted provided the 
clearances are not reduced below 
those required for a single panel 
switchboard. Some of the previous 
dimensions are exceptions to Sec- 
tion 110-16. 

Section 384-9. Conductor Cover- 
ing. Insulated conductors where 
closely grouped, as on the rear of 
switchboards, shall each have a 
flame-retardant outer covering. The 
conductor covering shall be stripped 
ba¢k a sufficient distance from 
the terminals so as to not make 
contact with them. Insulated conduc- 
tors used for instrument and con- 
trol wiring on the back of switch- 
boards shall be flame-retardant, 
either inherently or by means of 
an outer covering, such as one of 
the following types: R, RH, RW, 
REE REL Vie AV AS AV BT 
TA, TBS, TW, THW, MI, or other 


types specifically approved for the 
purpose. 
Section 384-11. Grounding 


Switchboard Frames. Switchboard 
frames and structures supporting 
switching equipment shall be 
_ grounded, except that frames of di- 
' rect-current single-polarity switch- 
boards need not be grounded if 
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Also, 


effectively insulated. Common prac- 
tice is to place an insulated mat, 
such as rubber, on the floor in front 
of all switchboards where the floor 
is of conductive material. 

Section 384-15 does not permit 
more than 42 overcurrent devices 
in any one lighting and appliance 
branch circuit panelboard (one hav- 
ing more than 10% of its overcur- 
rent devices rated 30 amps or less, 
for which neutral connections are 
provided). 

While Section 384-14 apparently 
does not classify any branch circuit 
without a neutral conductor as a 
lighting and appliance branch cir- 
cuit, the spirit of the code intent 
of Section 384-14 and 384-15 should 
be kept in mind. Basically, the limi- 
tation of 42 overcurrent devices in 
a single panelboard was imposed to 
limit the amount of heat accumu- 


UNIQUE METAL WEATHERPROOF housing encloses panelboards 
supply receptacles for portable 3-phase compressors in milk trucks. 
and guard rail protect equipment from damage by trucks. 
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lighting and appliance branch circuits are required at the 
same location. In (a) and (b) a pull box or gutter can be sub- 
stituted for double lugs shown in sketch. 
amp feeders are used in lieu of a single 225-amp feeder. 


In (d) separate 125- 


lated in the panel by continue aa 
operated branch circuits such as_ 

lighting. Mercury-vapor luminaires | 
can be connected to the ungrounded | 
conductors of a 480/277-volt sup-— 
ply system in industrial or commer-— 
cial installations. In this instance, 
no neutral connections would be in- 
volved. But heat accumulation will 
take place in a panel just the same. | 
Therefore, it is good design to 
select panelboards with not more 
than 42 overcurrent devices in any 
instance. where the majority of any 
type of branch circuits will be used 
for long periods of time. 


Because mogul lamps may be con- 


nected to 50-amp circuits in com- 


mercial and industrial establish- 
ments, the same reasoning should 
apply even though 50-amp circuits 
are apparently not considered as 
lighting circuits, whether they can 
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COLUMBIA 


FLEXIBLE 


liquid-tight electrical conduit 


REDUCE 
MAINTENANCE 


PERMANENT PROTECTION 


AGAINST 
WEATHER * CORROSIVE FUMES | , . 
OIL GREASE tg CHEMICALS *Tt’s a fact: your cost is lowest when your first 


Goel last Lae tn & 1 k 
SALT SPRAY: DIRT Renata Mistion. tanten— it EERE 8 : 
W ATER lifetime of dependable service ... and then some. 


BROCHURE 


Columbia Flex-Seal, type XL 
with bonding strip, is UL 
approved. Type EX, without 
bonding strip, is J.I.C. ap- 
proved. Sizes from %” to 
2” ID. Write for informative 
brochure. 


COLUMBIA CABLE & ELECTRIC CORP. 


Serving the Electrical Wholesaler Since 1912 
255 CHESTNUT STREET BROOKLYN 8, N. Y. 


NEC GUIDE—1960 


Wallet-size guide, 
filled with helpful 
facts for daily on-the- 
job use. Write for 
your copy. 


wei Re (Vee ieee 
Flexible Steel Conduit Flex-Seal ‘A. C. T- Armored Cable 
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-Amprobe Test-Master Kit keeps 


all equipment right at hand...handsomely. 


Truly the sign of the professional, this rugged, 
good-looking, genuine cowhide case contains all the 
equipment you need to do all your electrical testing 
jobs with precision and accuracy. 


Compact, neat and sturdy, the Test-Master Kit is 
specially designed to hold any one of the famous 
Amprobe RS models, the Amprobe Deca-Tran, 
the Amprobe Energizer and the Test-Master has a 
separate covered section to hold your small hand 
tools easily, within reach. 


The Test-Master comes in two models: TM33 con- 
tains the world-famous/Amprobe RS-3 snap-around 
volt-ammeter-ohmmeter: 5 current ranges, 3 volt- 
age ranges. Amprobe Deca-Tran: Extends amper- 
age reading 10x, as high as 1200 amps. Amprobe 
Energizer: Multiplies sensitivity of any Amprobe 
10x for readings on small appliance and fractional 
h.p. motors. $84.50 

TM11 contains the Amprobe RS-1, economy snap- 
around volt-ammeter. Amprobe Deca-Tran and 
Amprobe Energizer. $71.75 


The Amprobe Test-Master Kit, RS-3, Deca-Tran and Energizer are all products of 
PYRAMID INSTRUMENT CORPORATION, LYNBROOK, N.Y. WORLD'S LARGEST MANUFACTURER OF SNAP-AROUND TEST INSTRUMENTS 
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tain a neutral conductor or not. 
Section 384-14 states that a lighting 
-and appliance branch circuit panel- 
board is one having more than 10% 
of its overcurrent devices rated 30 
amps or less, for which neutral con- 
nections are provided. It is difficult 
to visualize that 50-amp mogul 
lighting circuits, used for long 
periods of time, should also not be 
a consideration in determining 
what constitutes a lighting and ap- 
pliance branch circuit panelboard. 
Section 884-16(a). A lighting 
and appliance branch circuit panel- 
board supplied by conductors hay- 
ing overcurrent protection greater 
than 200 amps shall be protected on 
the supply side by overcurrent de- 
vices having a rating not greater 
than that of the panelboard. An ex- 


ae Site 


‘FREE STANDING switchboard has ade- 
quate gutter space for connection of 
“feeder conduits. In this instance all con- 
nections to the board were made from 
the top of the board. Panelboards are a 
part of the switchboard in addition to 
feeder disconnects and volt/amp meters. 


ve 


ception is where a panelboard is 
used as service entrance equipment. 
Panelboards other than lighting and 
appliance branch circuit panel- 
boards are not required to comply 
with this rule. 

Also, where lighting and appli- 
ance branch circuit panelboards are 
a part of an approved switchboard, 
the rules does not apply. This has 
been determined by the release of 
Official Interpretation No. 445, 
which reads: ‘Section 3883: Panel- 
board Protection—Question—Does 
paragraph a of Section 8883 (now 
Section 884-16) apply to a 200-amp 
circuit breaker lighting and appli- 
ance branch circuit panelboard in- 
stalled in a deadfront switchboard 
section with a 400-amp service 
switch and fuse providing the only 
overcurrent protection ahead, where 
both the panelboard and the dead- 
front switchboard, in which it is 
incorporated, have been inspected 
and labeled by a laboratory of 
recognized standing prior to ship- 
ment from the factory? Answer— 
No.” 

Why this section applies to only 
lighting and appliance branch cir- 
cuit panelboards has never been ex- 
plained. Hence, good design prac- 
tice will include observance of this 
section for all branch circuit panel- 
boards. 

Section 384-16 (b) requires that 
the size of overcurrent protection 
not exceed 200 amps for all panel- 
boards that contain snap switches, 
rated at 30 amps or less. 

Where panelboards are installed 
in wet or damp locations, Section 
884-17 requires that a 4-in. clear- 
ance be provided between the back 
of a cabinet or cutout box and the 
wall or other supporting surface. 
In wet locations cabinets and cutout 
boxes must be of the weatherproof 
type. 

Section 884-18 requires that all 
panelboards be mounted in cabinets 
or cutout boxes. 

Except where used as_ service 
equipment, all switches in panel- 
boards are required by Section 884- 
19 to be on the line side of fuses. 

Section 878-3, Position in Wall. 
In walls of concrete, tile, or other 
noncombustible material, cabinets 
shall be so installed that the front 
edge of the cabinet will not be set 
back of the finished surface more 
than } in. In walls constructed of 
wood or other combustible material, 
cabinets shall be flush with the fin- 
ished surface or project therefrom, 
When flush panel enclosures are 
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400 A— 
muses het 
an —Barrier 
terminals O° 6-in. min 
lat gutter space 
required per 
3-SOOMCM Table 373-6(a) 
conductors NEC 


GUTTER SPACE DIMENSIONS for con- 
ductors No. 1 and larger, which are de- 
flected in a panelboard, are given in 
Table 37-6(a), NEC. Sketch shows a 
typical example of application 


mounted in the rough-in stage, it is 
extremely important that the in- 
staller verify the thickness of the 
finish wall material. This will as- 
sure a secure fit of the panel trim 
to the cabinet and panelboard in- 
terior when the finish is installed. 
While many panelboard interiors 
contain an adjustment screw to 
move the interior forward in the 
event the cabinet is not flush with 
the finished surface, the gap be- 
tween the trim and the cabinet can- 
not be closed. 

Section 373-6. Deflection of Con- 
ductors. Conductors entering or 
leaving cabinets or cutout boxes and 
the like shall conform to the follow- 
ing: (a) Width of gutters. Verti- 
cal conductors No. 1 or larger shall 
not be deflected where they enter or 
leave a cabinet unless a gutter hav- 
ing a width in accordance with the 
following table is provided: 

Table 373-6 (a)—Width of Gutters 


Minimum 
Width of 
Gutter 
Conductor Size in Inches 
INOS Ler thoiaile Ae raaeCnes, as S 
OstonOOmeenctaccs OF ek 33 
000 to 0000........ 4 
BOOMIGIMG Rass arectan 4} 
800 to 8350MCM.... 5 
400 to 500MCM.... 6 
600 to 900MCM.... 8 
1000 to 1250MCM. . 10 
1500 to 2000MCM. . 1 


Sometimes larger feeder conduc- 
tors are run to a panelboard to re- 
duce voltage drop. If the conductors 
cannot be run directly to the econ- 
nectors in the panelboard without 
deflection, an enclosure must be 
selected that has the gutter space 
provided in Table 373-6 (a). 

Section 878-7(a) requires that 
cabinets and cutout boxes be 
selected which have sufficient space 
to accommodate all conductors in- 
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stalled in them without overcrowd- 
ing. Often it is expedient to run 
two or three feeders in a single 
raceway to feed panels on various 
floors. This single raceway runs 
vertically to each panel from bottom 
to top. In such cases, panel enclo- 
sures should be selected that have 
additional wiring space. Due to the 
wide variety of panel enclosures for 
plug-in breakers and fuse blocks, 
this can be readily accomplished by 
resorting to a larger size enclosure 
than needed for the required num- 
ber of branch circuit devices. 

Section 373-10 (b) requires that 
cabinets and cutout boxes provide 
ample strength and rigidity. No. 
16 USS gauge (.0598 in.) is the 
minimum size sheet steel permitted. 
Because of the wide use of alumi- 
num conduits, there is a general 
interest in the availability of alumi- 
num panelboard enclosures. A num- 
ber of such enclosures have been 
made and installed. There are no 
provisions in the NEC or UL stand- 
ards that would prohibit aluminum 
cabinets or cutout boxes. If the 
present interest in aluminum con- 
struction continues, aluminum 
panels will be readily available in 
the future. Because aluminum pan- 
els are not readily available at 
the present time, they must be cus- 
tom made, and as a result, would 
cost more than steel panels. 

It should be pointed out that 
numerous aluminum conduit instal- 
lations have been made where steel 
cabinets were specified. And no ad- 
verse results have been reported 
where these dissimilar metals were 
joined together. Still, there can be 
no doubt that where aluminum con- 
duit is specified, a superior instal- 
lation would include aluminum ¢abi- 
nets, boxes and fittings. 


Switchboards—General 


Switchboards contain switches, 
circuit breakers, fuses, metering 
equipment, relays or other forms of 
equipment which control or record 
electric current throughout a build- 
ing. Widths range from 3 ft to 
over 100 ft. Most large installations 
today, particularly where loads ex- 
ceed 1200 amps, use factory as- 
sembled switchboards for the con- 
trol and distribution of current. 

In all types of switchboards, good 
design includes extra capacity and 
spare overcurrent devices (or space 
for them) in the original specifica- 
tions. This will permit additional 
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TO AVOID THIS ——————————>_ USE THIS METHOD 


3rd floor 


60A pullout units in 
basement panel 


APARTMENT BUILDING consisted of 27 units, nine per floor. Nine 2-in. EMT home: 
runs were run to first floor panels. From there, 


els. One inch EMT fed third floor panels. 
drawing. 
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DEAD FRONT SWITCHBOARD in an ex- 
hibition hall contains dimmers for gen- 
eral lighting, panelboards, and feeder 
circuit breakers, Pilot lights on the left 
indicate the lights that are in operation. 


loads to be added later at minimum 
cost. 

Major reasons for selecting 
switchboards over separate fused 
switch, breaker and gutter enclo- 
sures are reduced labor job costs 
and quality design. 


\-in.EMT 3No.6 TW 


to separate meters and 


Method on the right was selected because oversize panels on first and sec. i 
ond floors made a neater and less expensive installation. ; 
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| 70 A, 6 - pole pane! 
+9 .in.H, 7 in.W, 34 in.D 


IOOA, 12-pole panel 
14%, in.H, 10% in.W,3% in. 0 | 


erie 


100A, 14-pole panel 
7/ in.H,10Y% in.W, 3% in.D! 


Retin baan CH aNrRaBeDe 


1%-in. EMT ran to second floor pans 
Contractor had two options as shown i 


THE OLD AND NEW are shown in they 
photo. Metalclad enclosed switchboare 
on the left replaces overloaded live-fron® 
board on the right in a typical moderniza\ | 
tion program in a department store. 

Where sizes of any switchboard! 
are wider than 40 in., they are usu-| 
ally made up in sections to simplify 
shipping and installation. Most jok 
specs require construction in sec 
tion panels. Even though switch-} 
boards are furnished in sections) 
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COVER PHOTO: William F. Lorenz, W. D. Gale, Inc., Electrical Contr, M. E. Tisdale, Westinghouse Sales Engines 
tors; and H. McDaniel, Branch Manager, WESCO, Detroit, examine Ralph E. Thomas; and William F. Lore 
new Westinghouse building-type switchboard which is used to protect and check two banks of single-phase, 4800-v« 
distribute power to upper floors of Buhl Building. Size and weight of Westinghouse dry-type transformers for 0 
equipment placed in this room had primary importance. Installation was erating audibility. (Three 100-kva units, a 
made without enlarging doorway shown. COVER INSET: Buhl Building, three 167-kva units with top connectio 
Detroit, Mich., built in 1925, has long been one of the city’s preferred housing the low-voltage leads.) 

business locations. Electrical modernization, completed in 1958, assures 

the building’s continued ‘‘Class A”’ rating with adequate electrical facilities 

for many years to come. 


Close-up of building-type switchboard shows AB De-ion® type William F. Lorenz, M. E. Tisdale and Ralph E. The 
molded case feeder breakers. In background, Ralph E. Thomas; (who, in addition to being Building Manager, is a regist 
James E. Miller, Westinghouse Construction Sales Engineer; professional electrical engineer), discuss the electrical 
and William F. Lorenz are shown with three 100-kva DS-3 which resulted in maximum modernization of Buhl Buildi 
dry-type transformers. Westinghouse dry-type transformers minimum cost and inconvenience. 

were specified because of their smaller size and lighter weight, 

(Structural load had to be considered, as this converted rooftop 

room was not originally designed for equipment.) 
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ing tenants under any fault 
conditions. 
William F. Lorenz and James 
E. Miller are in front of oil 
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Buhl Building modernizes 
to Build Business Electrically 
for next 20 years’ growth 


Plans for the electrical modernization of the 
Buhl Building in Detroit began with an analysis 
of the present electrical needs of the building 
and its tenants and a careful estimate of its 
possible requirements for the next 20 years. 
The Building Manager, Ralph E. Thomas, 
worked closely with William F. Lorenz, Engi- 
neering Representative of the Electrical Con- 
tractor, W. D. Gale, Inc., Detroit, in pre- 
planning the electrical system. It was decided 
to double the capacity by retaining the existing 
system to supply power to the lower half of the 
building. A new source for power distribution 
would then be installed on the roof of the 
building to supply the upper floors. 
Westinghouse electrical equipment was speci- 
fied for the installation, since special considera- 
tions of size, weight and quietness had to be sat- 
isfied. Included in this equipment was a Westing- 


The primary oil circuit breaker: 
arrangement shown will in- 
sure a power supply to build- 


Tisdale, 


circuit breaker relay panel. 


house building-type switchboard and Westing- 
house DS-3 dry-type transformers. These were 
moved to the roof by the building’s regular service 
elevator and installed in an existing room there. 
It was not necessary to enlarge any doorways 
or break through any walls. The minimum 
weight of the Westinghouse equipment per- 
mitted installation without structural rein- 
forcement. In addition, the dry-type trans- 
formers were proved to be completely noiseless 
and vibrationless. 

Important to both the contractor and the 
building management were the savings realized 


by this ease of installation. Final costs proved 
(continued) 


you CAN BE SURE...1F ITS 


Westinghouse 
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New Westinghouse Type FDP, completely safety protected combination switch 
and fuse panelboard, at right, has replaced the older, unsafe, live-front panelboard 
shown at left. This new panel not only safely protects all fuses and bussing, but the 
quick-make and quick-break switches provide positive opening and closing of the 
circuits. 


William F. Lorenz points out to Ralph E. Thomas and H. C. McDaniel 
the key interlock in handle of one of three Type LCB air disconnect 
switches. With these switches, transfer can be made from primary 
lines to insure constant power supply to lighting and power trans- 
formers in new electrical equipment room. The Westinghouse DS-3 
single-phase dry-type transformers shown in rear each feed a section 
of the building-type switchboard. 


William F. Lorenz of W. D. Gale, 
Inc., Electrical Contractors, 
holds degrees in both Civil and 
Electrical Engineering. His 
knowledge of currently available 
electrical equipment, and engi- 
neered preplanning, together with 
the skill of his firm’s personnel 
in actual installation procedures 
were major factors in the econom- 
ical and efficient electrical mod- 
ernization of Buhl Building. 


The new pump and Westing- 
house 50-hp Life-Line® mo- 
tor keep the water reservoirs 
automatically filled on the 
various floors of the build- 
ing. This new single pump- 
ing unit can perform more 
efficiently than the two 
pumps and 50-hp motors 
previously used. 


Buhl Building modernizes 
to Build Business Electrically 
for next 20 years’ growth (continued) 


less than those estimated by both the c 
tractor and management. 

Westinghouse can help you in solving 
modernization or new construction probl 

.. to Build Business Electrically. 

See the Westinghouse distribution outlet ne 
est you or write Westinghouse Electric Corpx 
tion, Box 868, Pittsburgh 30, Pennsylvania. 


OWNER: Buhl Land Co., Detroit, Mich. 


ELECTRICAL CONTRACTOR: 
W. D. Gale, Inc., (Members of Detroit Chapter, NE 
Detroit, Mich. 


WESTINGHOUSE DISTRIBUTOR: 
Westinghouse Electric Supply Co., Detroit, Mich. 


YOU CAN BE SURE E...1F ITS 


Westinghouse 


WATCH “WESTINGHOUSE 
CBS TY ALTERNATE FRIDAYS 


LUCILLE BALL-DES| ARNAZ 
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TYPICAL METHOD of supporting and 
connecting busbars in a large switch- 
board is shown. Bus stabs at the top of 
photo come from the serving utility vault. 


one must check with the general 
contractor so that the board compo- 
nents can be installed at the proper 
stage of construction with the least 
amount of difficulty. Such large 
equipment can best be installed be- 
fore door jambs or even complete 
walls are erected. 

Because the requirements of serv- 
ing utilities vary considerably, most 
large switchboards do not include 
space for the utility meters. CT 
space is provided on the board, and 
from there, metering circuits run 
to a separate wall space provided 
for metering equipment. In all 
cases, it is advisable to check with 
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AUXILIARY GUTTER above panelboards provides an effective means of 


distributing feeder and branch circuit conductors. Center panelboard is a 
split-bus type panelboard consisting of two separate bus sections, each with 


separate feeders. 


the serving utility as to their meter- 
ing requirements before switch- 
board designs are let out for bid. 
This is particularly true when do- 
ing an installation that is served 
by a utility unfamiliar to the de- 
signer. Only the serving utility 
will know how much space is to be 
required in a switchboard for their 
CTs, and how much room will be 
required for metering equipment 
adjacent to the switchboard. 


Types of Switchboards 


are 
live- 


-| 


Generally, switchboards 
classified in three types: 1) 
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Feeder Unfused tie sw. 
disconnects: w/key interlock 
8-200A 3P 
2-400A 3P 
2-600 A 3P 


fm Box Section —————= 


3000A 


= COU wees 


Eo a ee 


disconnects: 
7-200A 3P 
3- 400A 3P 
2-600A 3P 


Separate utility sidewalk 
vaults-each with: 

13.2 KV to 120/208 V 
3¢, 4W-750 KVA 
transformers 


SKETCH SHOWS a one-line drawing of a large switchboard connected to two utility 
supply systems. Tie switch can transfer load from one system to another. 


front; 2) dead-front; and 8) safety 
enclosed-metalclad., 

Live-front switchboards contain 
open knife switches, fuses or cir- 
cuit breakers on the front of the 
board. Switchboards of this type 
must be located in separate rooms, 
which are accessible only to quali- 
fied persons. Because of high job 
labor costs, this type of switchboard 
is rarely used today. Also, large ca- 
pacity equipment with resultant in- 
creases in weight make enclosed 
metalclad switchboards more desir- 
able from a structural and safety 
point of view. Because high short- 
circuit capacities are available, it is 
much safer to confine short circuits 
to metalclad equipment for the 
protection of personnel and the 
building proper, 

Where replacements or additions 
must be made to existing live-front 
switchboards, consideration should 
be given to replace the board with 
a modern enclosed type. There is a 
limit to how much can be added to 
many old live-front boards, and re- 
placements should be made in time 
to avert costly shutdowns. 

However, obsolete equipment and 
panels can be replaced if the live- 
front switchboard is in good condi- 
tion and not overloaded. In drilling 
new holes in slate or marble a 
standard steel twist drill may be 
used, provided the heel of the drill 
is ground off. This provides the 
drill with a sharper angle. Slate 
panels are drilled dry, while marble 
panels must be drilled with the use 
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of water. Avoid using excessive 
pressure when drilling through 
panels as this prevents breaking 
through the rear surface. Aban- 
doned holes can be plugged with 
cement or plaster. 

Dead-front switchboards are 
similar to live-front switchboards, 
except that no live-front parts are 
located on the front of the board. 
All exposed parts are located on the 
rear of the board, and these live 
parts are generally accessible. 
Much of the same comments which 
were said about live-front switch- 
boards apply to this type of board. 
The same labor costs apply, and 
they do not offer complete protec- 
tion of equipment due to exposed 
live parts on the rear of the board. 
Underwriters’ Laboratories list 
this type switchboard, but the trend 
is toward the metalclad safety 
type. 

Safety enclosed, metalclad switch- 
boards are the most common type 
of switchboard today. This type 
switchboard offers far greater pro- 
tection to personnel and bus sys- 
tems. However, the bus construc- 
tion is quite different from those 
used on open switchboards, because 
the mechanical stresses are greater, 
and the space is limited. 


Switchboard Locations 


Convenience of operation and 
proximity of loads are major objec- 
tives in selecting suitable locations 
for switchboards. Where switch- 
boards constitute the service equip- 
ment, they cannot always be located 
near the supply loads. But in many 
instances, service raceways can be 
run in 2-in. concrete fill and be 
considered as outside of the build- 
ing. Generally, the location of main 
switchboards is determined by the 
location of the utility supply. 

Because of the size of switch- 
boards on larger installations, sep- 
arate rooms are generally specified. 
And due to the existence of high 
short-circuit currents at switch- 
board terminals, good practice, and 
a number of local ordinances, re- 
quire two doors for switchboard 
rooms where the load exceeds 1200 
amps. This will protect personnel 
who may be in the room at the time 
fault occurs. If only one door is 
provided, fire in the vicinity of the 
only means of egress would trap 
personnel or would restrict the work 
of fire fighters. 

If switchboards are not located 
in a dry location, or, if they are 
located outdoors, they must be of 
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SURFACE-MOUNTED PANELBOARDS are connected to underfloor conduits 
through a series of auxiliary gutters. Gutters also contain a number of 
remote-control conductors, which control sectionalized buses. 


the weatherproof type. Also, when 
switchboards must be installed in 
any hazardous location, a type ap- 
proved for the particular Class and 
Division of hazardous area is re- 
quired. The latter applies more to 
panelboards than switchboards, be- 
cause switchboards can usually be 
located outside of the hazardous 
area. If at all possible, it is safer 
and much less costly to locate 
switchboards and panelboards in 
areas remote from hazardous loca- 
tions. 


Selection and Mounting of 
Switchboards 


Present and anticipated load is 
the first consideration in selecting 
a switchboard. This determines the 
main capacity of the board. Next, 
the number and type of feeder dis- 
connects and overcurrent devices 
must be determined according to 
the need. 

General mounting heights of 
switches and overcurrent devices 
include: a 7-ft maximum height 
from the floor or working platform 
to top of any overcurrent device; 
and centers of switches or breakers 
should not exceed 63 ft from the 
floor below. 


Service will enter the switch- 
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pases age 


TWO. SEPARATE PANELBOARDS are 
used to accommodate 40 lighting and 
appliance branch circuits. Panel to the 
right contains bottom-connected 3/0 
double lugs. Feed to panels come from 
a 200-amp circuit breaker, which stabs 
into a 1000-amp busduct riser. 


| 
| 
| 


ie 


Almost 50%. 
saving 
“Just around 
the bend” 


NEW Blackhawk 4° 
one-shot bender 


Talk about spectacular savings — you pocket more than $11 
per bend over other methods. This new Blackhawk bender 
pays for itself on just a couple of jobs. From then on it’s 
gravy all the way. 

This portable bender goes right to the job. You eliminate 
about half of the fittings, pipe threading and the time it 
takes to make connections. 

Bends aluminum! You make exact 90° bends in steel or 
aluminum conduit in a single operation. A protractor-type 
“Optik-Angle” gage accurately measures the degree of bend 
in progress. And these benders are easy to 
handle due to lightweight, aluminum alloy ,.. 
construction, and lift-off frame top for quick = 7 
pipe insertion. 


CATALOG / MANUAL L-400 has full details 
on Blackhawk’s family of time-saving, 
money-saving pipe benders. 

Write Dept. P-2050 today for your free copy. 


 €> BLACKHAWK: 


“BLACKHAWK INDUSTRIAL DIVISION 
13320 W. Reichert PI., Butler, Wis. 
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Take the 
guesswork out of 
hand bending 


Here’s Blackhawk’s new rigid 
and thinwall hand bender that 
makes perfect 45° and 90° 
bends. As accurate as a 
carpenter’s level, Blackhawk’s 
Level Bender has unique double 
“bubbles” to do the figuring 

for you. You'll be amazed at 
the ease with which you make 
90° bends, offset bends, 
saddle bends, back-to-back 
bends in Yo", 34” or 1” thinwall. 
Aluminum alloy construction 

is lightweight, yet built 

for hard work. 


: 


New 
Ratchet Rig 
saves on “ells” 


Foolproof ratchet action makes 
perfect “ells,” eliminating the 
extra expense of manufactured 
ells. The rig is easy to operate 
—anyone can do it after a few 
minutes’ instruction. Lock-on 
shoes are quickly interchange- 
able to bend rigid conduit or 
aluminum. An “Optik-Angle” 
gage assures bending accuracy. 
Ratchet Rig is either portable 
or can be mounted on a 
pickup truck. 
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OTHER NEW PRODUCTS 
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SILICONE NEWS from Dow Corning 


Power Where 


Check Inside: Where a Transformer Can be 
Located Is Largely Determined by its Insulation! 


Whether you’re modernizing or installing a completely new power 
distribution system, you can make certain that transformers will fit easily 
into any plant layout by specifying silicone insulated dry-type units. 


Locate them near the load . . . on the floor, a balcony or the wall... 
anywhere! Insulated with Dow Corning Silicones, they are light-weight 

. Space saving. Frequently no more expensive initially, they cost less 
to install, less to maintain, far less in the long run. Here’s why: 


Lowest Cost Installation: Easier to handle and easier to install, they 
require no costly vaults or barriers . . . can be placed right at load or 
load center for additional savings on costly low-voltage cable. 


Lower Operating and Maintenance Costs: Virtually maintenance-free, 
silicone insulated transformers have no liquids to filter or change. Need 
no space heaters to keep windings dry when de-energized. 


Maximum Reliability: Depending on design, they withstand overloads 
of 25% to 50% and more above rated capacity. The extra thermal 
capacity of silicones assures uninterrupted, reliable power. 


Maximum Safety:, Completely dry and completely safe, you can locate 
silicone insulated, dry-type transformers almost anywhere! No danger of 
fire . no toxic fumes. These units prove safe even under extreme 
overload and short circuit conditions. 


You Want It 


Today, transformer manufacturers offer 
two basic designs insulated with Dow Corn- 
ing Silicones — sealed and open dry-types. 


For Load Center Unit Substations, you 
can achieve maximum reliability and mini- 
mum maintenance with a silicone insulated 
sealed dry-type unit. Requires only a peri- 
odic check of pressure gauge and bushings. 


Or you can save weight by specifying a 
silicone insulated open dry-type unit. Up 
to 40%lighter than non-inflammable liquid 
filled units, they’re ideal for balconies and 
other minimum floor loading areas. 


Lighting Transformers and wall-mounted 
units are lighter per KVA than any other 
type. Locate them right at the load and 
save valuable floor space. They provide 
uninterrupted reliable power despite con- 
taminated atmospheres, dust, dirt, moisture 
or high ambients. 


Send today for full information on silicone 
insulated, dry-type transformers and list 
of manufacturers offering equipment insu- 
lated with Dow Corning Silicones. 


Address Dept 3905. 


SPECIFY Dow Corning Silicones 


and SAVE! 
Dow Corning CORPORATION 
MIDLAND. MICHIGAN 
ATLANTA BOSTON CHICAGO CLEVELAND OALLAS LOS ANGELES NEW YORK WASHINGTON, D. C. 
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FEEDER DISTRIBUTION PANELBOARD 
is supported on an angle-iron structure at 
the base. At the top, gutters allow the 
connection of conduit feeders, and also 
connect to a wireway on the left, which 
contains main and sub-feeder conductors. 


board from a side or below or above 
the switchboard. When conduits 
supply the switchboard from the 
floor, it is important that the buses 
are elevated high enough to allow 
for the conduit stubs, bushings and 
bonding conductors. 


Occasionally, smaller switch- 


boards are surface-mounted on the 
wall. The weight is sufficient so as 
not to rely on wall anchoring de- 
vices alone. Supplemental support 
is recommended in the form of leg 
supports, which can be made with 
pipe stems and pipe flanges. This 


_PANELBOARD INTERIOR is mounted in 
a specially designed enclosure for surface 
mounting on a column. Wiring trough ex- 

tends to the ceiling, at which point, over- 
head conduits are connected. Feeder and 
floor outlet conduits are connected to 
bottom of cabinet. 


Bt 


CLASS II, GROUP G, 12-circuit panel- 
board is mounted on channel bars, which 
are secured to concrete wall. Installation 
in a grain elevator, 


method is also recommended for 
large surface-mounted panelboards 
or similar enclosures. 

If feeder conduits or cables enter 
the top of the switchboard, a wir- 
ing gutter is usually provided. Con- 
nections to the overcurrent devices 
are greatly simplified by the use of 
gutters, resulting in a neater job. 


Panelboards 


Panelboards are required to be 
installed in cabinets. This makes 
them similar to safety-type metal- 


A TYPICAL INSTALLATION of a flush 
panelboard installed in a block wall. Since 
cabinet was set even with the front of 
the blocks, the finished panel trim fits 
securely to the panelboard interior and 
cabinet without gaps around the perim- 
eter of the trim. 


clad switchboards. However, the 
basic difference between panel- 
boards and enclosed switchboards 
is that panelboards have no buses 
or devices requiring accessibility 
from the rear of the panel. Thus, 
all component electrical parts can 
be replaced or serviced from the 
front of the panel after the panel 
trim is removed. Also, panelboards 
are designed for flush installations 
as well as surface installations. 

While all panelboards are alike 
electrically, they are generally clas- 
sified as follows: 

1. Service Equipment  Panel- 
boards. For loads up to 800 amps, 
panelboards are available which 
contain six or less circuit breakers 
or fused switches or pullouts. These 
panels constitute the service equip- 
ment and often contain split buses 
which supply branch-circuit over- 
current devices in the same en- 
closure. 

2. Lighting and Appliance 
Branch-Circuit Panelboards. Over- 
current devices used in these panels 
are rated from 15 to 30 amps and 
supply branch circuits having two 
or mere outlets. 

3. Feeder Distribution Panel- 
boards. Overcurrent devices for 
branch circuits larger than 50 amps 
are found in this type of panel, and 
sub-feeders feed from here to 
smaller branch-circuit panelboards. 

4. Power Distribution Panel- 
boards. These panels contain about 
any size overcurrent device and are 
generally used for 3-phase motor 
and similar power ‘circuits. 

Because of the wide variety and 
types of panelboards offered by a 
numbey of manufacturers, one 
should¥have a thorough knowledge 
of the types and ratings available. 

Special panelboards can be ob- 
tained which include relays and con- 
tactors for applications having re- 
mote-control operation of various 
circuits. 

Panglboards used in wet or damp 
locations or in hazardous areas 
should be of types approved for the 
specific location. 

Locate all panelboards as near as 
possible to the load supplied. Mount- 
ing heights should not exceed 7 ft 


to the top overcurrent device, nor “~ 


be less than 6 in. from the. working 
surface below the lowest overcur- 
rent device. 

If it is intended that only quali- 
fied persons have access to the over- 
current devices in a panelboard, 
trims with a means of locking the 
doors should be specified. 
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Transformers 


HE fast-developing trend to 

higher distribution and utiliza- 

tion voltages in commercial and 
industrial electrical systems is 
stimulated by the availability of a 
wide variety of modern transform- 
ers. This includes transformers for 
stepping from one primary voltage 
down to a second primary level, for 
stepping from primary down to 
secondary voltage (not over 600 
volts), and for stepping a secondary 
distribution voltage to a secondary 
utilization level. Such equipment 
varies in construction and installa- 
tion ‘requirements depending upon 
required kva capacity, voltage levels, 
and place of installation. A close 
look at types of transformers and 
application characteristics clarifies 
the tasks of effective selection and 
proper installation. 

A basic outline of transformer 
classifications for modern applica- 
tion is as follows: 

I—Up to 600 volts primary, lower 
voltage secondary. 

A. Dry-type, single- and 3-phase, 

up to 750 kva. 
1. Indoor applications 
2. Outdoor applications 


II—Primary rated above 600 volts, 
up to 15,000 volts. 

A. Dry-type, single- and 3-phase, 

up to 3000 kva. 
1. Indoor applications 
a. Open dry-type 
b. Sealed dry-type 
2. Outdoor applications 
a. Sealed dry-type 
B. Oil or askarel filled, single- 
and 3-phase, up to 7500 kva. 
1. Indoor and outdoor applica- 
tions 
IlJ—Primary rated above 15,000 
volts. 
A. Oil or askarel filled, single- 
and 3-phase, up to 50,000 kva. 
1. Outdoor applications. 

The above categories are general 
and cover a very wide range of 
specific types and sizes of trans- 
formers for indoor and outdoor 
application. In manufacturers’ lit- 
erature, the various types of trans- 
formers are designated according 
to their ratings and constructions. 
Various names are assigned to 
types of transformers according to 
their common use in electrical sys- 
tems. The following names are 
typical: 


TWO TRANSFORMERS—each 225 kva, 


480-120/208 volts, 3-phase, 


4-wire, dry-type—operate in parallel and are installed in the basement of a 
convention hall as part of electrical modernization to handle 1200 tons of 
air conditioning. Each unit is fed through its own 3-pole, 600-amp, 600-volt 
disconnect switch (one at left, one at right) fused at 300 amps. Each trans- 
former secondary consists of three 3-in. conduit circuits up to a 3-phase, 
4-wire secondary busway above the units. Each transformer is supported 
by U-channel runners set on pipe legs. These units have bottom ventilating 
grilles and must be mounted off the floor. 


Contractors agree... 


You can't beat Phelps Dodge 
Dependable PD-X Cable 


for fast, easy stripping 


Habirshaw type NM nonmetallic-sheathed cable 


saves vital on-the-job time and money! 


Phelps Dodge Copper Products Corporation’s PD-X cable is 
the fastest-stripping, cleanest-working nonmetallic-sheathed 


cable on the market today. Here’s why 


4 Copper conductors are soft drawn. Connections are 


easily and quickly made 


a2 Habirdure Thermoplastic Insulation is clean and smooth 


—makes stripping simple, easy, fast 


3 Paper armor is resin-treated to resist moisture, is clean 


and dry—no oil, grease or wax is used 


4. Paper armor is applied with a long twist and can be 
removed by an easy flick of the fingers. No time-wasting 


unwinding, no sticking to underlying insulation 


5S Barrier tape keeps finishing compounds out of the cable 
—leaves inside clean and free of gum. Strips off cleanly a 


aunt with outer braid covering. 


& Clean, grey finish eliminates sticking, assures easy pulling, 


clean walls and hands. 


See Your Phelps Dodge Distributor! 


PHELPS DODGE COPPER PRODU 


CORPORATION 


SALES OFFICES: Atlanta, Birmingham, Ala., Cambridge, Mass., Charlotte, Chicago, Cincinnati, 
Cleveland, Dallas, Dayton, Denver, Detroit, Fort Wayne, Greensboro, N. C., Houston, Indianapolis, 
Jacksonville, Kansas City, Mo., Los Angeles, Memphis, Milwaukee, Minneapolis, New Orleans, 
New York, Philadelphia, Pittsburgh, Portland, Ore., Richmond, Rochester, N. Y., San Francisco, 
St. 


Louis, Seattle, Washington, D. C. 
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Supply 
Load 

Individual transformer 

may be single-phase 

or three-phase unif 
The word 

Supply "transformer 
refers to 
either of 
these two 
applications 
| 
| 
| 
| 
Load 

Three single-phase transformers 

operating as a single unit or | 

three-phase bank Sy 

1. Transformers and transformer 


vaults must be readily accessible to 
qualified personnel for inspection 
and maintenance. The word “trans- 
former” in these rules includes an 
individual transformer and a bank 
of transformers operating as a 
unit. 


Note: The rules here do not apply to the following transformers: 
1. Current transformer—such as used for metering or relay protection 


against overcurrent. 


2. Dry-type transformer which is a component part of other approved 5. 
apparatus—such as transformer in a welding machine, control 


transformer in a motor starter. 


3. Transformer for X-ray or high-frequency apparatus. 


General-purpose transformers 
are the dry-type units rated not 
over 600 volts and used for local 
step-down from a secondary distri- 
bution voltage to a utilization level. 
They serve lighting and appli- 
ance loads in all types of occu- 
pancies. Such transformers are also 
called “general power and light” 
transformers or simply “lighting” 
transformers. These include wall- 
mounting, ceiling-suspended and 
floor-standing units and also control 
transformers. 

Load-center transformers are 
either dry-type or liquid-filled units, 
primary rated from 2400 volts up 
to 15,000 volts and used for indoor 
and outdoor applications in high- 
voltage distribution systems to step 
to a voltage not over 600 volts. 
Such units may be used either sepa- 
rately, in combination with sepa- 
rate protective and switching de- 
vices and a _ separate secondary 
distribution switchboard, or they 
may be combined with primary and 
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CODE RULES OF TRANSFORMERS 


Live terminals 
on transformers 


Room with 
locked door 
accessible only to 
qualified personnel 


Terminals rated 
not over 600 volts | 


OM hhhha 


2. Transformers must be guarded as 
follows: 

A. They must be protected against 
physical damage. 

B. Dry-type transformers must 
have a non-combustible, mois- 
ture-resistant case to protect 
against accidental insertion of 
foreign objects. 


C. Exposed live parts must be pro- 
tected against accidental con- 
tact by: putting the transformer 
in a room or place accessible 
only to qualified personnel, by 
keeping the live parts at least 
8 ft above the floor or by using 
a guard rail around the equip- 
ment when not over 600 volts. 


wee Ie ferminals on 
DANGER! 
Pegs: transformers 
;I,UUU {| 
lyouts |] 


D. Signs or other visible markings 
must be used on the equipment 
or structure to indicate the 
operating voltage of exposed 
live parts. 


4. Transformer used with Class 1 low-voltage power circuits or Class 
2 remote-control, low energy power or signal circuits—which must 


conform to Art. 725. 


Art. 600. 


Transformer for sign and outline lighting—which must conform to 


6. Transformer for electric discharge (fluorescent and mercury vapor) 


secondary switching and protection 
in a packaged unit substation—also 
called a “load-center substation.” 
These are base-mounted, free- 
standing units. 

Distribution transformers are 
single-phase and 3-phase, oil- or 
askarel-immersed, pole-mounting or 
platform-mounting units primary 
rated from 480 volts up to 15,000 
volts, with step-down to a sec- 
ondary level or to a lower high- 
voltage level in the case of units 
over 10-ky primary. This type of 
transformer—in capacities up to 
167 kva—is used for pole-line dis- 
tribution. Other outdoor wiring 
systems use platform units with 
ratings up to 500 kva. 

Substation transformers are oil 
or askarel units primary rated from 
2400 to 67,000 volts, with secondary 
ratings ranging from below 600 
volts up to 15,000 volts. Such units 
are designed for use in utility dis- 
tribution substations and in indus- 
trial substations. 


lighting—which must conform at Art. 410 on lighting fixtures. 


Power transformers are very 
large outdoor transformers used 
by utility companies in their trans- 
mission and distribution systems 
rated above 67,000 volts. Installa- 
tion of such transformers must be 
made in strict accordance with the 
utilities’ specs and standards. 

Of the above types of transform- 
ers, only general-purpose trans- 
formers are discussed in this sec- 
tion. he. accompanying code 
requirements and __ illustrations, 
however, apply to transformers in 
general, except where they specifi- 
cally refer to dry-type units. It 
should be noted that the code data 
on dry-type transformers is also 
applicable to units operating over 
600 volts. Transformers with con- 
nections rated above 600 volts are 
covered in the “High Voltage’’ sec- 
tion of this report. National Elec- 
trical Code rules which particularly 
apply to high-voltage transformer 
application are given in that sec- 
tion. 
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O Once G-E manual starter enclosure 
has been mounted on wall or machine, 
‘strip wires, insert in pressure-type ter- 
minals and tighten terminal screws. No 
looping necessary. All line terminals are 
at top, load terminals at bottom. 


th paas ey 


KIT PACKAGING of starter components 
provides 24 combinations. Included are 
key-operated starters and stainless steel 
flush plates shown above. 


2) Position open starter in enclosure 
and tighten two screws. With wrap- 
around enclosure cover removed, max- 
imum working room is provided. Compact 
design of the CR101 manual starter means 
easier handling, greater wiring space. 


3) Mount heater. Exclusive design plugs 
in from front in 3 seconds and is keyed 
to eliminate chance of incorrect insertion. 
Ampere trip rating is molded on front 
of heater. Enclosure cover can be re- 
placed by tightening two screws. 


General Electric CR101 Manual Starters Offer 
Unmatched Installation Convenience and Flexibility 


Just 2 minutes to hook up the General 
Electric CR101 fractional hp manual 
starter. Multiply this advantage times 
the number of starters you install every 
year, and count your dollar savings. 
And you can get the exact starter you 
need from General Electric—any com- 
bination of these components: standard 
or key-operated open starters; single- 
or two-gang back boxes; standard cover; 
and wide choice of flush plates—ma- 
chine grey or stainless steel, for single- 
or two-gang installations, with or with- 


[ 


out indicating light. Components are 
packaged in kits to save more installa- 
tion time. No disassembly is required 
before wiring. 

Next time you buy manual starters, 
try the G-E CR101. Ask your nearby 
G-E distributor for GEA-6358 and 


GEA-6976 or write General Electric, 
812-01 
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WITH | GENERAL ELECTRIC CONTROL 
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Pennsylvania Transformer Announces a 


meee SECONDARY 
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All Components Designed and Manufactured Under One Roof 


ASRS 
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Coordinated shipment of all substation components is the practice at Pennsylvania Transformer. Switchgear assemblies 
and transformers are produced at the same plant. 


Tilt-back Feature Facilitates 
Inspection and Maintenance 


A unique feature of Pennsylvania’s 
drawout switchgear allows the 
breaker to be tilted back when in the 
withdrawn position. This is particu- 
larly important for maintenance and 


the adjustment of trip elements. 
The racking mechanism is oper- 
ated with a self-storing captive 
handle. Before it can be operated, 
the mechanism must be unlatched 


Breaker shown in with- 
drawn and tilted back posi- 
tion for easy access to trip 
units. 


Outdoor articulated Penn- 
sylvania substation with 
oil-filled transformer. Sub- 


station is rated 1500 kva, 
12,470-480Y /277 volts. 


with a lever that can be moved only 
with the breaker open. The mech- 
anism locks in all positions. The 
compartment door can be closed 
with the breaker in any position. 


194 ELECTRICAL CONSTRUCTION AND MAINTENANCE ... MAY, 1960 


Sad 


UNIT SUBSTAT 


© Centralized Responsibility 
Assures Coordinated 
Shipment of Components, 
Easier Installation. 


e Products Include Indoor 
and Outdoor Substations 
—Articulated and 
Integrated. 


@ All Substation Com- 
ponents Designed in a 
Separate, New Depart- 
ment, by an Experienced 
Staff of Switchgear and 
Transformer Engineers. 


e Low Voltage Switchgear 
Manufactured in New 
Facilities Adjacent to 
Transformer Plant. 


@ Pennsylvania Assumes 
Complete Responsibility 
For Materials, Workman- 
ship and Operation of 
Complete Unit Sub- 
stations. Perfect Fit and 
Matching Appearance of 
Components See 


Pennsylvania Transformer’s new line of secondary unit substations includes both 
indoor and outdoor designs. Pictured is a 1000-kva articulated, indoor substation 
rated 4160-480Y /277 volts. The substation includes a primary, fused, air-interrupter 
switch, an askarel-filled transformer, and secondary drawout switchgear with a 
feature that allows the breaker to be tilted back for inspection and maintenance. 


Pennsylvania... Builder of Load 
Center Transformers for many Years 


Pennsylvania Transformer enters 
the secondary unit substation field 
with a background of over 30 years’ 
experience in designing and building 
distribution, power and load center 
transformers for America’s leading 
utilities and industrials. 


315,000-KVA 
power transformer manufactured by 
Pennsylvania Transformer Division 
for a large midwestern utility. 


Write for Copy of Pennsylvania's 

Secondary Unit Substation Book 
This well-illustrated 44-page booklet, No. PSG 559, contains 
descriptions of secondary unit substation and switchgear 


components, as well as application data. Write for a copy 
on your company letterhead. 


UNIT S08) S.T Ad [:O Ne 


Division, McGraw-Edison Company, Canonsburg, Pa., Greater Pittsburgh District 


ELECTRICAL CONSTRUCTION AND MAINTENANCE . 


—a 


. . MAY, 1960 195 


EXPANSIVE SCREW ANCHORS 


ANCHOR SETTING PUNCHES 


HAMMERLESS SETTING 
TOOLS FOR SETTING 
EXPANSIVE SCREW 
ANCHORS IN HOLLOW 


3-UNIT EXPANSION UNITS 


2-WING AND 4-WING SHORT, 
LONG AND EXTRA LONG 
TOGGLE SCREW ANCHORS 


TOGGLE SCREW 
ANCHOR 
SETTING TOOLS 


Gaull Ges 


RIVETED HEAD 
TOGGLE BOLTS 


raw 


cana DP 


GRAVITY TYPE MACHINE 
SCREW TOGGLE BOLTS 


VARIOUS TYPES ie ie je / uh i Be ) oy i q 
CONCRETE INSERTS } We | Hy 


_S= 


SPIRAL FLUTED CARBIDE MASONRY DRILLS 


—------—— JIFF-EPLUGS ——-—--—--—— 


FIBRE PLUG % did 


LEAD WOOD SCREW 
ANCHORS 


ANCHORS 
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CODE RULES: 


MOUNTING DRY-TYPE TRANSFORMERS INDOORS 


Separation of at 
least |2 inches 


rated 
WZ. 


tp Wood wall or any other 
combustible material > 


Dry-type transformer 
not over 12, kva 


Fire-resistant, heat-insu- 
lating barrier between 
wall and transformer— 
no spacing required 


Wall made of wood or other 


Transformer 
barrier required 


Room of fire-resistant construction 
to house transformer 


PLLETRAGROS VALOR A EOS E, 


¢ 
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Fire-resistant, 
heat-insulating 


Has class B 
or class H 
insulation 


No special spacings between trans- 
former and combustible materials 


DRY-TYPE TRANSFORMERS installed 
indoors must conform to the fol- 
lowing: 

A. Units rated 112% kva or less 
must be mounted at least 12 in. 
from combustible material un- 
less a fire-resistant, heat-insu- 
lating barrier is used between 
the transformer and the com- 
bustible material or unless the 
unit is rated not over 600 volts 
and is completely enclosed ex- 
cept for ventilating openings. 


600-Volt Dry-Type 
Transformer 


Any transformer develops heat 
due to energy lost during operation. 
Because removal of this heat is im- 
portant to proper operation and 
greatly influences size and construc- 
tion, transformers are most com- 
monly differentiated according to 
the method used for cooling and in- 
sulating. There are dry-type trans- 
formers, which use air circulation 
or dry gas such as nitrogen for 
cooling, and liquid-type, which use 


combustible material ~ —~ 


Dry-type transformer 
rated not over 112" kva —_ 
and not over 600 volts 


completely enclosed — 


No separation and no 


Dry-type transformer 
rated over 112% kva 


barrier protecting 
combustible materials 
in any room or area 


Clearances from combustible 
materials in any room or area 


Has class B 
or class H 


insulation 


transformer 


Any dry-type 
rated at more than [5.000 volts 


B. Units rated over 1122 kva must 
be installed in a transformer 
room of fire-resistant construc- 
tion unless they are Class B or 
Class H insulated and are sep- 
arated from combustible mate- 
rial by 6 ft horizontally and 12 
ft vertically or are separated by 
a fire-resistant, heat-insulating 
barrier. 

C. Transformers rated over 15 kv 
must be installed in a code- 
constructed vault. 


mineral oil or a synthetic, non-in- 
flammable cooling liquid called 
“askarel’” to cool and insulate the 
coil and core assembly. General- 
purpose transformers are of the 
dry type, using air circulation for 
cooling. 

One of the fast-growing trends 
in modern electrical design is the 
use of general-purpose transform- 
ers in conjunction with 480-volt 
secondary distribution systems. 
The widespread use of 480Y/277- 
volt (or nominally rated, 460/265- 
volt) systems for large-area fluo- 
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rescent and mercury-vapor lighting 
has created demand for local step- 
down transformers—in ratings up 
to 500 kva—to supply 120/208 volts 
or 120/240 volts for incandescent 
lighting, appliance loads, and recep- 
tacle circuits. And recent code ex- 
pansion of the permissible applica- 
tion of such systems will further 
increase use of general-purpose 
transformers. Now 277-volt light- 
ing is permitted in industrial estab- 


_lishments, office buildings, schools, 


stores and public and commercial 
areas of other buildings, such as 
hotels or transportation terminals. 
Where any of these types of build- 
ings take advantage of the substan- 
tial economies of 480/277-volt dis- 
tribution for power and light, 
stepdown transformers will be 
needed. Of course, transformers 
will also find application in 480-volt 
and 240-volt delta-connected sys- 
tems, to supply lighting and appli- 
ance loads, 


Construction 


Typical construction characteris- 
tics of general-purpose transform- 
ers are as follows: 

Housings — Air-cooled, dry-type 
transformers are generally  en- 
closed in sheet-metal housings. The 
enclosure may or may not be venti- 
lated. Completely enclosed units are 
made to permit use in atmospheres 
where dust, moisture, chemicals or 
other airborne matter might harm 
exposed coils in a ventilated case. 
Some units have their core lamina- 
tions exposed to dissipate heat. 
Other small-size units have totally 
enclosed housings filled with epoxy 
compound which seals the windings 
against atmospheric attacks and 
greatly reduces operating hum of 
the transformer. ‘Totally enclosed 
units are commonly referred to as 
dust-tight and suitable units are 
made for outdoor use. Ventilated 
enclosures have openings which 
permit natural circulation of air 
over the winding assembly. 

Raceway connections — Trans- 
former housings are generally suit- 
able for connection to all standard 
wiring systems—rigid or thinwall 
conduit, flex, busway, non-metallic 
cable or open wiring. Enclosures 
are provided with single or multi- 
ple-concentric knockouts to accom- 
modate various sizes of conduit. 
And enclosures have removable 
panels for ready work inside in con- 
necting conduit and wires, 

Mounting provisions — Various 
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FOR THE 
POWER OF THE ATOM 


In Rowe, Massachusetts, the Yankee Atomic Electric Com- 
pany has built one of the first commercial atomic power 
plants in the U.S. 


This engineering marvel, designed to transform the de- 
structive power of the atom into useful electrical energy, 
utilizes no less than 200,000 feet of Simplex wire and cable, 
some of which is exposed to radiation. | 


For top performance in all types of installations, utilities 
and industrial companies the world over rely on the prod- 
ucts of Simplex research and development. 


1885 Diamond Jubilee 1960 
75 Years of Leadership in the 
Wire and Cable Industry 


= e Sw 


~ WIRE & CABLE CO. 


Cambridge, Mass. « Newington, N. H. 


case 
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MINIMIZING TRANSFORMER NOISE 


1. Use solid mounting when the unit can be secured to a 
heavy, solid mass which cannot vibrate audibly. Such 
would be reinforced concrete—floor or wall. 

2. Use flexible mounting for mounting on a structural 
frame, wall, ceiling or column. Such mounting makes use 
of special rubber vibration isolators called ‘flexible 
mounts.” There must be no solid metal contact between 
the transformer and the mounting surface. Such would 
“short-circuit” the vibration impedance of the mounts. 

3. Flexible couplings between the wiring system and a 
transformer can isolate the conduit system and other 
.. mechanical parts from picking up the transformer 
vibrations. 


ISOLATING VIBRATIONS 


—_ 


Vibration 
isolating 
mounts 


Bond around 
flexible coupling 
for equpment 

grounding 


Flexible neoprene 
section to prevent 
mechanical trans- 
mission of vibra- 
tions 


Conduit 


4. Mount the transformer as far away as possible from 
corners on other junctions of large flat surfaces which 


only serve as sound reflectors to raise the apparent leve! 
of transformer noise. 
A. Avoid installation in narrow halls or in corners of 
stairwells. 
B. Keep the transformer as far away as possible 
from the area in which its noise would be most 
objectionable. 
C. In particular, avoid mounting in a room corner 
up near the ceiling. Such three-sided corners act 
as megaphones. 


AVOID THESE MOUNTING POSITIONS 


a 
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5. Where necessary, cover walls with acoustical damping 
material—fiberglas, acoustical tile, kimsul and_ similar 
absorbent materials—to reduce propagation of trans- 
former noise from a transformer room to any adjacent 
areas. It should be noted, however, that such material 
has major effect on the high harmonics of transformer 
noise but has little effect on the fundamental. 

6. Where possible, experimental placing of a floor- 
mounted transformer in a room or area and temporary 
operation of the unit will quickly indicate best location and 
orientation of the unit. 


\ Transformer mounted 
in corner near 
ceiling or at floor 


High noise 
output 


types of brackets and keyhole slot- 
ted hangers are provided for wall- 
or ceiling-mounting of transform- 
ers, with lifting eyes or holes to 
raise units into their mounting po- 
sitions. Some units have universal 
mounting bars for installation in 
any position—wall, ceiling or floor. 
Floor-mounting units have lifting 
eyes and mounting feet.on the bot- 
tom where necessary to provide bot- 
tom ventilation. 

Terminal space—Suitable com- 
partments are provided to facilitate 
primary and secondary circuit con- 
nections. Some units have sepa- 
rate compartments for primary and 
secondary terminals; others use a 
common space within the housing. 
Many units have the terminal con- 
nections at the bottom part of the 
housing to minimize the effect of 
heat on the lead wires. Terminal 
connections are identified as to pri- 
mary and secondary, with each one 
numbered to provide proper connec- 
tion of the unit for any given pri- 
mary and secondary circuit config- 
uration and voltage. A cover or 
panel provides access to the termi- 
nal compartment. 

The use of diagrammatic name- 
plates, which show proper connec- 


tions of the identified transformer 
terminals and list other specs on 
the unit, greatly simplifies the mat- 
ter of transformer installation. Ad- 
ditional wiring hookup information 
may be included on a diagram in 
the wiring compartment. 

Insulations — Dry-type trans- 
formers are designed with different 
types of insulations on the wind- 
ings and other parts to suit them to 
various application requirements: 

Class “A” transformers, when 
properly loaded and applied in an 
ambient not over 40°C, will operate 
at no more than 55°C rise on the 
winding. Class “A” transformers 
are physically larger and heavier 
than corresponding sizes of Class 
“BY” transformers. 

Class “B” transformers, when 
properly loaded to rated kva and 
applied in an ambient not over 
40°C, will operate at no more than 
80°C rise on the winding. Class 
“B” units are about half the weight 
of Class “A” units, for correspond- 
ing’ sizes. 

Class “H” transformers, when 
properly loaded to rated kva and 
applied in an ambient not over 
40°C, will operate at no more than 
150°C rise on the winding. Such 


transformers use inorganic insula- 
tions impregnated with silicone 
compounds and varnishes to achieve 
the high temperature rating. Class 
“H” insulated transformers are 
generally smaller and lighter than 
those with other types of insula- 
tion. 


Noise Considerations 


Transformers produce a charac- 
teristic noise—actually a hum—due 
to vibrations in the laminations 
structure. This hum has a funda- 
mental frequency about twice that 
of the applied frequency. The rela- 
tive loudness of this hum depends 
upon the construction characteris- 
tics of the transformer itself and 
the manner in which the trans- 
former is installed. Some trans- 
formers are specially designed to 
minimize the noise produced by 
operation. Other transformers are 
not specially constructed for low 
noise level. And then installation of 
the transformer will affect what- 
ever level of sound is produced. If 
the unit is mounted in such a way 
that the noise vibrations are me- 
chanically transmitted to a large 
vibrating surface—such as_ sheet 
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LOCAL 30-KVA TRANSFORMER J in 
480/277-volt distribution system in a 
modern high school steps voltage to 120/ 
208-volt, 3-phase, 4-wire level for recep- 
tacle outlets, miscellaneous incandescent 


lighting and fixed appliances. Unit is 
mounted in mechanical room—one of 
four such rooms with identical layout, 


serving classrooms in the building. Sec- 
ondary connections from transformer are 
carried in flexible metal conduit to an 
auxiliary gutter below the 120/208-volt 
panel. Transformer is set on channel-iron 
runners. Each of the four mechanical 
rooms—one above another at each side 
of the school, is a very narrow and small 
room with a jarge louvered vent opening 
to the outdoors at one end. The size and 
venting of the room acoustically tune the 
area to a sound frequency close to the 
higher harmonics of magnetostrictive 
vibration in the transformer. To minimize 
the effect of this sound reinforcement, 
the concrete-block walls of the room are 
covered with 2-in. thick Fiberglas. This 
application does eliminate sound propaga- 
tion into the adjacent classroom. Of 
course, the use of a relatively quiet trans- 
former is a big advantage here. 


metal or wood—the sound can be 
mechanically amplified so it is much 
louder than that coming directly 
from the transformer. Or installa- 
tion may be made in such a way— 
in the corner of a room or close to 
large reflecting surfaces—that the 
sound level from the unit is given 
an acoustical level boost (the way a 
horn or megaphone operates). In 
some cases of poor mounting, a 
special quiet-type transformer can 
produce a louder sound output than 
that of an ordinary transformer 
carefully mounted. 

In any installation, the relative 
importance of transformer noise 
depends upon the normal ambient 
noise level of the area. Where am- 
bient noise level is high—such as 
many industrial plants or places 
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where operating machinery pro- 
duces a fair level of noise, the noise 
produced by standard transformers 
is completely “masked” and no 
problem exists. But in areas where 
the ambient noise level is low—such 
as libraries, schools, office interiors, 
hospitals, churches, theatres, etc., 
transformer noise can be a serious 
problem. In these latter cases, steps 
must be taken to reduce the objec- 
tionable transformer hum. 

To facilitate solution of the 
transformer noise problem, manu- 
facturers are rating their trans- 
formers in levels of noise produc- 
tion. The key to this rating method 
is a unit of measure of sound level 
known as the “decibel.” As an in- 
dication of the use of this unit, the 
following is a table of common 
average noise levels expressed in 
decibels (abbreviated “db’’) : 

10 db—a very quiet day in the 
country 

20 db—quiet talking 

45 db—a quiet office 

65 db—office with business ma- 
chines 

75 db—average factory 

105 db—a boiler factory 

To correspond to our familiarity 
with such noise levels, transformers 
are rated in decibels of sound level: 


Average 

Transformer size sound level 
0- 9 kva 40 db 
10- 50 kva 45 db 
51-150 kva 50 db 
151-300 kva 55 db 
301-500 kva 60 db 


From this db table, transform- 
ers can be compared with sound 
level at the place of their installa- 
tion. A basic rule on selection is to 
choose a transformer with a meas- 
ured sound level lower than the am- 
bient noise level at the place of in- 
stallation. That is, the db level of 
the transformer must not be higher 
than the average db level of the 
room or area in which it is mounted. 
However, it must be kept in mind 
that the sound level of a trans- 
former as measured under test con- 
ditions at the factory may not be 
the same on the job. Due to me- 
chanical and/or acoustical condi- 
tions, the level may be considerably 
higher. The objective must be to 
keep the ‘‘job-installed noise level” 
of the transformer below area am- 
bient noise. And where ambient 
noise is considerably higher than 
the decibel values in the trans- 
former table, special low-noise 
transformers and special installa- 
tion do not have to be used. 

Available transformer units vary 
in their sound output. Larger units 
are louder than smaller units. Spe- 
cial quiet-type units have much 
lower levels than standard trans- 
formers. In general, a Class A 
transformer of given voltage and 
kva rating is quieter than the same 
size Class B transformer; although 
there are no standards on the basis 
of insulation class. The difference 
in sound levels of standard trans- 
formers should be checked when se- 
lecting a unit for the middle range 


LOAD CENTERS in a 480/277-volt distribution system for a modern shop- 


ping center are built around dry-type transformers, such as in this load 
center serving a variety store. The transformer is a 3-phase 75-kva unit, 
stepping voltage to 120/208 and mounted in a second floor mechanical 
room above the store itself. Secondary conductors are carried in flexible 
metal conduit into the center panel. A bare ground conductor is used as a 
bonding jumper around the flex section. The unit is set on the floor on flat 


steel mounting members. 
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FIUSN-FIt VCOUPIINGS ON L-Wi Frermaliine 
Conduit Provide Big 3-Way Savings 


oT FT ~ «SOBig savings are possible with L-M Permaline Conduit and 
the Flush-Fit Coupling. The couplings are installed at the 
| factory on one end of each 2, 3, 34%, 4, 444 and 5-inch sizes 
/ of Permaline Conduit. Thus, you save in three important 
ways since the coupling and conduit are bought, stored 
and installed as one complete unit: 
Savings in Storage... coupling cartons are eliminated. 
Savings in Handling... coupling and conduit are one unit. 
Savings in Installation. ..coupling is already attached; no 
couplings to attach on the job site. 

L-M Flush-Fit Couplings have the same outside diameter 
as the conduit. Joints do not have to be staggered. You install 
Permaline conduit as fast as you can get it into the trench. 


nee re 


Other Permaline Advantages 


Permaline Conduit offers many other time and money-saving 
advantages : 

Smoother Inner Bore... Faster, trouble-free cable pulling. 
Choice of Shipping Methods .. . Bulk, fork-lift bundles or 
steel-strapped slings for fast, easy handling. 

Complete Line... All sizes; 5, 8 or 10-foot lengths; all 
accessories. 

Complete Stocks At Strategic Warehouses ... One is conven- 
Wilt ; we iently located near you. 
SAVINGS IN STORAGE are realized since the coupling is Exceptional Service... More than 100 Permaline repre- 

attached to the conduit. Coupling cartons are eliminated. sentatives in the U. S. ready to serve you. 
Engineering Service... Complete technical assistance on 
your proposed system. 
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coupling 


SAVINGS IN HANDLING are possible because the coupling is SAVINGS IN INSTALLATION are possible because 
attached to the conduit at the factory. No cartons to check in and pipe are taper-fitted, and need only be driven with wood 
and out of your warehouse. block and hammer to provide tightest possible joint. 


Get Complete Information... For complete information on Permaline Conduit with Flush-Fit 
Couplings or any Permaline product, contact your L-M Field Engineer or Permaline Specialist; or, 
write Line Material Industries, Milwaukee 1, Wisconsin; ask for a copy of L-M’s Underground Con- 
struction Handbook, 12-point Plan Folder and Permaline Conduit Bulletin UGIA. In Canada: 
Canadian Line Materials, Division of McGraw-Edison Company (Canada), Limited, Toronto 13, Ont. 
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VY LINE MATERIAL Industries i 


McGRAW-EDISON COMPANY 


427 


d DISTRIBUTION TRANSFORMERS * KYLE RECLOSERS AND OIL SWITCHES * FUSE CUTOUTS AND FUSE LINKS * LIGHTNING ARRESTERS * POWER SWITCHING EQUIPMENT 
PACKAGED SUBSTATIONS * CAPACITORS * REGULATORS * OUTDOOR LIGHTING * LINE CONSTRUCTION MATERIALS * PORCELAIN INSULATORS * FIBRE PIPE AND CONDUIT 


150-KVA TRANSFORMER in a school is 
mounted between 480/277-volt panel, at 
right, and auxiliary gutter, at left, carry- 
ing 120/208-volt secondary conductors 
from which motor starters and several 
subfeeders are tapped. Transformer is fed 
by 3-pole 225-amp CB in panel. Reduc- 
tion of noise propagation is very effective. 
Couplings to the transformer are rigid, 
but the unit is set with its channel-iron 
runners on non-metallic vibration-damp- 
ing shim pads. And the room is Fiberglas 
covered on concrete walls and ceiling to 
reduce sound propagation, even though 
the room is adjacent only to the gymna- 
sium which has a normal ambient noise 
level high enough to mask the sound out- 
put of a 150-kva transformer. There is 
no noise intrusion upon the quiet of 
classroom and office areas in the school. 


WALL-MOUNTED TRANSFORMERS in this covered parking lot are 


of ambient noise levels. Often, a 
sufficiently quiet standard unit, in 
combination with skillful installa- 
tion, will eliminate the need for an 
exceptionally quiet unit. However, 
for many very quiet commercial 
areas—schools, offices and hospi- 
tals—the use of special quiet-type 
transformers will be mandatory. 
And so will skillful installation. 


General Installation 


In all transformer installations, 
instructions of the transformer 
manufacturer should be carefully 
observed in setting or mounting the 
unit and making the connections. 
The following are general rules cov- 
ering the installation of dry-type 
transformers: 


Handling—Transformers should 
be moved right side up, with care 
taken to avoid denting the sheet 
metal enclosure. They should not be 
dragged, rolled or slid to their 
mounting location. Instead, the 
lifting eyes or holes should be used 
to lift and transport the unit on 
and off any rolling truck which is 
used to carry the unit. If means 
of lifting the unit off the ground is 
not available, careful rolling or 
dragging can be used provided the 
wood packing case is on the unit 
and pipe rollers or suitable skids 
are used. Avoid use of steel rope 
slings in lifting. They generally 
cause damage to the case. When 
handling ventilated dry-type trans- 
formers outdoors during inclement 
weather, protect the unit against 


secured to an angle-iron frame mounted between the floor and ceiling, as 
shown, Each unit is a single-phase 480-120-volt transformer with the three 
at left forming a 3-phase bank and the three units at right forming another 
3-phase bank. This use of individual units permits supporting the total 
weight in a distributed manner on the frame, providing a large amount 
of transformer capacity from a wall-mounted installation. Units are nippled 


together, as shown, 
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entrance of rain or snow by use of | 


a plastic or canvas cover. 

Locating—A transformer should 
be located where it is readily ac- 
cessible for hookup and mainte- 
nance. It should be kept away from 
very quiet areas where its noise 
would override ambient noise level. 
The location should always be such 
that the noise from the unit is not 
amplified by acoustical conditions 
at the place of installation. And 
National Electrical Code _ rules 
should be strictly observed in select- 
ing the location for the unit, to 
assure no dangerous proximity to 
combustible material. 

Care should also be taken to se- 
lect a place with as dry and clean 
an atmosphere as possible for in- 
stallation of open-ventilated trans- 
formers. Exposure to dripping or 
splashing water or other wet con- 
ditions should be avoided, or proper 
protection must be provided. Out- 
door application calls for a housing 
suitable for such use. And tempera- 
ture at the place of installation 
must be normal, or the transformer 
may have to be derated. 

Ventilation at the place of instal- 
lation is another important re- 
quirement. Dry-type transformers 
depend upon circulation of clean 
air—free from dust, dirt or corro- 
sive elements—for proper cooling. 
Filtered air is preferable; and, in 
some cases of extreme air pollution, 
it may be mandatory. In any case, 
it can reduce maintenance. In re- 
stricted spaces—small basement 
mechanical rooms, ete.—ventilation 
must be carefully checked to assure 
proper operating temperature of 
the transformer. The usual require- 
ment is for 100 cu ft of air move- 
ment per minute for each kilowatt 
of transformer loss. Area of vent 
openings should be at least 1 sq ft 
each of inlet and outlet openings 
per 100 kva of rated transformer 
capacity, after deducting area oc- 
cupied by screens or grates in the 
openings. Height of vault, location 
of openings and loading of a trans- 
former | affect the ventilation re- 
quirement. One manufacturer calls 
for the areas of the inlet and outlet 
openings to be not less than 60 sq ft 
per 1000 kva when a transformer is 
operating under full load and is 
located in a restricted space. And a 
distance of at least 1 ft should be 
provided on all sides of a dry-type 
transformer and between adjacent 
units. 

The place of installation must not 
expose the transformer housing to 
damage by normal movement of 
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Lighting Louver Diffuser 


Developed to meet todays and tomorrows higher 
lighting levels—For use in Individual fixtures, Modu- 
lar or Large Area illumination with unexcelled dif- 


\W4 


fusion—Developed to meet and exceeds IES-NEMA 


SPI joint specifications for stabilized styrene—True 
translucent white and a wide range of colors—Light 
weight for easy handling, installation and mainte- 
nance—Dimensionally stable—Low cost—Available 
in 45° and 42° shielding also. 


Ss 
So 
CELL OPENING: 


13/32” x 13/32” x 1/2” HIGH 


When Specifying [11 
you. can depend on 


American Lowen... 


Light shielding louvers is our one and only 
most important product, developed, designed 
and manufactured by American louver, con- 
sultants to the lighting industry since 1939, 
assuring you the finest in Plastic Louvers. 


For pertinent facts on American louvers, write » = 
for bulletin 33am and new 3 color catalog— american 
Just off the press. 


4240 N. SAYRE AVENUE © CHICAGO 34, ILLINOIS 


BullDog’s 


NEW DUPLEX 


The only space-saving breaker 


1. SPACESAVER. New Duplex Pushmatic® breaker puts 
two breakers in the space of one single breaker. You get 
more electrical circuit flexibility with smaller panels; 
and 15- and 20-amp capacity, in any combination. 


2. DOUBLE PROTECTION. Duplex is the only 2-in-1 breaker 
that gives coil-magnetic short-circuit protection, as well 
as thermal overload protection, for each circuit. Provides 
identical, independent coil protection in each pole. 
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4, PUSHBUTTON CONVENIENCE. Only Duplex Pushmatic 
has pushbutton convenience. Pushbutton pops up, can 
be identified instantly by sight or touch. You reset it 
with a push of the finger. Simple, fast, foolproof! 


3. ONE BOLTED CONNECTION. Duplex provides a single 
positive bolted connection to bus bar. Electrical contact 
is under constant pressure, won’t work loose, won’t 
overheat. Installation is quick and easy. 


BullDog Electric Products Division, I-T-E Circuit Breaker Company, 
Box 177, Detroit 32, Michigan. In Canada: 80 Clayson Rd., Toronto, Ont. 
Export Division: 13 East 40th St., New York 16, N. Y. 


BULLDOG ELECTRIC PRODUCTS DIVISION 
1-T-E CIRCUIT BREAKER COMPANY 
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CODE RULES 


TYPICAL GROUNDING OF TRANSFORMER CASE 


Secondary to 
power panel 


Transformer supplied by 
metalclad wiring must be 
grounded (NEC Sec. 250-42) 


EXPOSED NON-CURRENT CARRY- 
ING metal parts (which are likely 
to become energized) of trans- 
former installations — including 
fences, guards, etc.—must be 
grounded under any of the follow- 
ing conditions: 

A. Where supplied by metalclad 
wiring—armored cable, con- 
duit, flex, busway. 

B. Where located in a wet loca- 
tion and not isolated. 

C. Where located within reach of 
a person who can make contact 
with ground or grounded object. 

D. Where installed in a hazardous 
location. 


men, trucks or equipment. Ventilat- 
ing openings should not be exposed 
to accidental or mischievous poking 
of sticks or rods into the windings. 
And protection against entry of 
small animals or other foreign ob- 
jects should also be considered. 
Mounting — The transformer 
should always be mounted in an up- 
right position for effective ventila- 
tion, unless manufacturer’s instruc- 
tions specifically permit other 
mounting positions. The wall or 
floor on which the unit is mounted 
must be sufficiently strong to sup- 
port its weight. Manufacturer’s in- 
structions must be followed in se- 
curing the mounting brackets to 
the wall or floor. Where trans- 
former noise must be kept to a 
minimum, vibration isolation pads 
should be used in mounting the 
unit, and other mounting methods, 
shown in an- accompanying box, 
should also be used. 
Floor-mounted units with metal 
grilles on the bottom must be 
mounted up off the floor to provide 
the intended ventilation draft up 
through their housings. Regular 
shipping lumber can be used for 
elevating a unit and simultaneously 
serving as vibration isolation. 
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Double locknut, in- 
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Primary conduit 
grounds transformer 
enclosure 
(NEC Sec. 250-57) 


Equipment 


side and outside, for or common 
effective connection = ground 
(NEC Sec. 250-75) connection 


E. Where installed in contact with 
metal or metal lath. 

F. Where equipment operates with 
any terminal at more than 150 
volts to ground, unless mounted 
8 ft above ground on a wooden 
pole. 

Grounding of transformer housings 
must be made by connection to 
grounded cable armor or metal race- 
way or by use of a grounding conduc- 
tor run with circuit conductors (either 
a bare conductor or a conductor with 
green colored covering) or by a sepa- 
rate grounding conductor installed the 
same as a grounding conductor for 
equipment, Sec. 250-92 (b). 


Another important consideration 
in the installation of dry-type 
transformers is the possible need 
for providing impulse protective 
devices. Dry-type units do not 
have the electrical impulse-strength 
of liquid-immersed transformers of 
the same ratings. Where they will 
be exposed to lightning strikes or 
heavy switching transients, proper 
protective equipment must be pro- 
vided. 

Connecting—Connection of the 
transformer to the wiring system 
consists of coupling any raceway to 
the enclosure and then connecting 
the supply conductors and the load 
conductors. The most common ap- 
plication finds conduit as the race- 
way connected to the housing. And 
in such systems, the primary cir- 
cuit conduit usually grounds the 
transformer housing and, as a re- 
sult, the secondary conduit and all 
metallically connected enclosures 
for conductors and equipment on 
the secondary side of the trans- 
former. 

When open-wiring (without any 
raceway) is connected to a trans- 
former housing, protection must be 
provided for the conductors where 
they pass through the knockout 


opening in the case. An insulated 
connector or Chase-nipple should 
be used, 

When connecting a rigid conduit 
system to a transformer housing, 
provision can be made to afford 
ready removal of the transformer 
at any time without disturbing the 
conduit system. With ordinary 
rigid and thinwall conduit termi- 
nals, removal would require move- 
ment of either the conduit or the 
transformer. However, use of an 
electrical-type union—such as an 
Erickson coupling or split coupling 
—in the conduit close to the trans- 
former will provide for ready re- 
moval of the unit at any time. Or 
a threadless conduit connector— 
which will also provide ready re- 
moval—can be used for connecting 
to the housing. For connections of 
conduit or any metal raceway or 
metal-sheathed cable containing 
conductors of more than 250 volts 
to ground (such as the primary in 
local transformers for 480/277-volt 
systems), the NE Code requires 
assurance of ground system con- 
tinuity. This may be done by any 
of the following methods: 

1. Threaded boss on the trans- 
former housing, with joint made up 
tight. 

2. Bonding jumper to assure low- 
impedance current path from the 
conduit to the housing, using a 
bonding bushing with one locknut 
and a jumper to the housing— 


GROUNDING CONDUCTOR for the sec- 
ondary neutral and the housing of this 
480-120/208-volt, 3-phase, 4-wire trans- 
former is bolted to the external copper 
grounding strap on the housing. The neu- 
tral from the transformer secondary wind- 
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ing is connected to the same grounding © 
strap inside the case. The grounding con- — 
ductor is carried into conduit where it — 


enters the floor and is run in the conduit 
up in the wall to a point near the ceiling 
where it emerges and is welded to another 
copper strap which is welded to an |-beam 
of the building’s steel structure. 
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NOTICE! 


ALLEN-BRADLEY 
CONTROL RELAYS 


can thus easily be changed 
from N.O. to N.C. (or vice versa) 


Nhy not give yourself a real surprise! We refer to the Extensive tests have proven conclusively that the Bul- 
}ase with which you can convert the contacts of these letin 700 Type BR relays are good for many—and we 
Allen-Bradley Bulletin 700 Type BR control relays. mean many—millions of trouble free operations. A 


sing only a screwdriver, contacts can be changed “‘built-in’’ permanent air gap completely eliminates all 
irom normally open to normally closed (or vice versa) in possibility of magnetic sticking. Naturally, the double 
leconds—without removing the relay from its mount- break, silver contacts never need attention. Also, the 
ig—or its wiring. This ‘‘on-the-spot”’ convertibility molded coil is your assurance that even the most 
ertainly suggests an appreciable moneysaving reduc- severe atmospheric conditions cannot cause trouble. 
ion in your relay inventories. Please write for full details on these relays today! 
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BUT HEAR THIS! 


In the event that when “on-the- 
job” it is discovered that some- 
thing was either overlooked or 
added, the standard Bulletin 
700 Type BR—either 2, 4, or 6 


pole relay—can easily have I Thiechowe hare 
added to its base, out in the : : 2 Type BR relay 
field, either one or two switch- if can be arranged 
‘ . F | Tia eg —in seconds—to 
ing poles. It is done as easily ve othe iobior ave 
as “falling off a log.” : different relays, 


General-Purpose Explosion-proof Waterproof 
NEMA 1 NEMA 7 NEMA 4 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. * In Canada: Allen-Bradley Canada Ltd., Galt, Ont, 
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ALLEN-BRADLEY Si" 


Member of NEMA Control 


whether the k.o. in the housing is 
the concentric type or not. 

3. Some other device approved 
for the application. 

4. Threadless connection, made 
up tight. 

5. Double locknuts— one inside 
the housing and one outside the 
housing, with a bushing, on rigid 


us 


Of the above methods, the use of 
double locknuts is common practice 
for systems over 250 volts to 
ground. In fact, the use of double 
locknuts is preferred and commonly 
used for light and power wiring 
regardless of voltage. The impor- 
tance of effective grounding dic- 
tates such use. And for most effec- 


jumper method above is the surest 
way of obtaining sufficient conduc- 
tivity and continuity through a 
concentric k.o, when any of the 
punched rings are left in place. 
The core and case assembly of 
each transformer should be per- 
manently and adequately grounded. 
Details on grounding are shown in 


conduit, tive application, the bonding the following illustration. 


ELEMENTS OF TRANSFORMER GROUNDING 


1. Any system which can be grounded to operate at not 
more than 150 volts to ground must be grounded. 

2. This requires the grounding of secondaries of dry-type 
transformers serving 120/208-volt, 3-phase or 120/240- 
volt, single-phase circuits for lighting and appliance out- 
lets and receptacles, at load centers throughout a build- 


ing. 


|20/208-y 3-phase 


Neutral 4-wire load 


Case and core 
must also be 
grounded 
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This is generally 
impractical in 
3. Grounding of the secondary neutral may be made to large systems , 


the nearest water pipe anywhere in the building, pro- 


vided bonding jumpers are used to assure continuity of Neutral 
the ground path wherever the piping may be opened. grounded to 
water pipe 


[See NEC Sec. 250-112 (a).] 


4. According to Sec. 250-54, when a system (in this case, 
the electrically isolated circuits from the transformer 
secondary) is grounded to an electrode in a building, the 
same electrode must be used at the same point to provide 
ground connection for wire enclosures and other housings, 
frames, enclosures, etc., even though the equipment 
may be grounded already through the conduit system 
supplying the transformer. By connecting the system 
neutral and the transformer frame to the same point, 
the ground return path for fault currents on the secondary 
circuit is kept short to have low enough impedance and 
sufficient current-carrying capacity to handle any fault 
currents and to assure operation of the overcurrent devices 
protecting the circuits, as required by Sec. 250-51 of the 
NE Code. If only the system neutral were connected to 
a local ground point—building steel or water pipe—the 
fault-current path for secondary grounds would be long 
and of high impedance. A practical solution, offering the 
shortest fault-current path, is to connect the neutral to the 
transformer housing and then make one cable connection 


Grounded~ 
conduit 


Connection 


Common grounding 
conductor 


Grounded building »2Zzzezz NEC Sec. 250-94 


steel or water pipe 


to ground. 
Rr err ST ENE SRS I ESI RESTS EUS BE OEE EI TIE I EE SE ES EE TET LST ED, EF LTE VED SLO TSE EH EE SORT 
Frame Fuse or CB Ground 
will operate fault 


ys Conduit 


5. Common practice with dry-type local transformers in 
many installations is to merely connect the secondary 
neutral point to the transformer frame, leaving the feeder 
conduit to the transformer to provide the path to ground 
but depending upon the connection between neutral and 
frame to provide effective return for clearing faults. Neutral connected 
| to frame which is 
grounded through 
primary conduit 


Vii eae 


f Fault current 


flow path 


Grounded 
at source 
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Capacitors and 


Regulators 


justment of voltage and cur- 

rent in electrical systems in- 
volve a vast array of devices 
ranging from the simple resistor or 
rheostat to the more sophisticated 
combinations of transformers, re- 
actors, capacitors and highly refined 
electronic circuits. Both manual 
and automatic operation prevail. 
Many of these items are inherent 
components of a control package 
(motor starters and controllers, 
lamp ballasts, etc.) ; others include 
individual equipments installed in 
a feeder or circuit to improve op- 


R iesiment oF control and ad- 


trical circuit or system character. 
istics to meet specific requirements 
Capacitors and regulators fall ir 
this latter category. 

Of this group, capacitors prob: 
ably are most familiar to the elec: 
trical contractor and his installatior 
crews. Normally used to raise cir. 
cuit or system power factor and re- 
duce voltage drop, capacitors are 
available in units of specific kva1 
and voltage ratings (primary and 
secondary) for installation singly 01 
in groups as required. Units come 
in enclosures designed for indoor. 
outdoor and dust-laden areas. Gen- 


erating efficiency or stabilize elec- erally, capacitors should be in- 


NEC INSTALLATION RULES 


Article 460—Capacitors 


Location and Protection—Capacitors in which any single unit con- 
tains more than 3 gal of combustible liquid shall be installed in a 
vault conforming to Part C, Article 450 (Transformer Vaults). Capaci- 
tors must have non-combustible cases and supports and shall be pro- 
tected from physical damage by location, suitable fences, barriers or 
other enclosures (460-2 to 460-5). 

Grounding and Guarding—Capacitor cases shall be grounded in ac- 
cordance with Article 250. All capacitor live parts connected to 
circuits over 600 volts between conductors and accessible to unqual- 
ified persons, shall be enclosed or isolated (460-10, 460-11). 

Disconnecting Means—A disconnecting means shall be provided in 
each ungrounded conductor except where capacitor is connected on 
the load side of a motor overcurrent device (460-8). 

Hazardous Areas—Capacitors in hazardous locations shall comply 
with the additional requirements of Articles 550-517 (460-1). 


Article 470—Resistors and Reactors 


Location and Protection—Resistors and reactors shall not be placed 
where exposed to physical damage; shal] be of oil-immersed type or 
in metal enclosures where in immediate vicinity of easily ignitible 
material; shall be of type approved for installation conditions (see 
Article 500 for Hazardous Locations); shall be separated at least 1 ft 
from combustible material unless attached to switchboard or other 
non-combustible panel (470-1, 470-2). 

Near Combustible Material—Units installed within 1 ft of com- 
bustible material shall be attached to non-combustible, non-absorptive 
panel (slate, soapstone, marble) at least 4% in. thick and supported 
independent of device fastenings (470-3). 

Enclosure Mounting—When mounted on plain surfaces, enclosures 
shall make contact only at support points and maintain a minimum 
%-in. air space between enclosure and mounting surface (470-6). 

Lamps as Resistors—Incandescent lamps used as protective resistors 
ae be mounted in porcelain receptacles on non-combustible supports 
(470-8). 


RESCENT 


BUILDING WIRE 


TYPE-THW-75 C 


Type THW permits greater current carrying 
capacity than Type TW while retaining the 


advantages of smaller diameter, smooth, 
lubricated easy-pulling surface with solid 
colors. Resistant to water, acid, alkali, oil 
and corrosive atmosphere, it is inherently 
flame-retarding. It will give the lowest in- 
stalled cost per ampere. Particularly advan- 
fageous for replacing overloaded feeders, 
as its smaller diameter makes possible 
greater current carrying capacity in the same 


size conduit. 


2 Lee 
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Even at OOO to | odds... 


YOU 
VOULDNT 
TANT 
A RED CENT 


..on a bet like this! 


If you installed 1,000 G-E Fluorescent Lamps 
and gave us $1 for every one that lit... and we 
gave you $1,000 for every one that didn’t... 
chances are the best you could do is break even! 


Those are pretty good odds—1,000 to 1. But if this bet is ever 
offered to you, don’t take it. You wouldn’t make a red cent! 


BECAUSE G-E MONEY SAVER LAMPS ARE MORE UNIFORM— 
Test after test of production lamps proves that, on the aver- 
age, 999 out of every 1,000 G-E Fluorescents will be good, right 
from the start. (You might even Jose money on the bet. Many 
users report G-E Lamp performance is even better than this!) 


G-E FLUORESCENT LAMPS SAVE YOUR CUSTOMERS MONEY 
—Whether they buy a carton or a carload, the uniformity they 
get from General Electric Fluorescents—lamp after lamp after 
lamp—is their best assurance of getting the most light for 
their money. And this puts you in a very favorable light, too. 
Not only do they get 999 sure starters out of every 1,000 G-E 
Fluorescent Lamps they buy, but after almost two years 990 


of these lamps will still be going strong! So they not only get 
more light, but their maintenance and production people like 
the freedom from annoyance and interruptions. 

Performance like this stems from General Electric’s con- 
stant search for new ways to improve a// G-E Fluorescent 
Lamp types. Make sense? Then place your next order for 
lamps with your G-E Lamp distributor now—or write: 
General Electric Co., Large Lamp Dept. C-013, Nela Park, 
Cleveland 12, Ohio. 


Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 


WIPE ENON ills ittiaraaayraaransapravanasanmecaiie ty 


GEN ERALG) ELECTRIC 


GENERAL ELECTRIC... WHERE BRIGHT IDEAS BECOME BETTER LAMPS 
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eA 


md 


Ground clamp 


Supply 


"WALL MOUNTING BRACKET FOR TWO, THREE, 
“OR FOUR LOW-VOLTAGE CAPACITORS 


5 
153 


ee aaa: switch 


600-volt individual 
fuses, 2 per unit 


Backup fuse 


conductors a 


GROUP CONNECTION 


WITH GROUP PROTECTION 


TYPICAL RACKS for groups of capacitor units mounted on 
the wall, ceiling or floor. Note clamp for grounding. Wiring 


stalled as close as possible to the 
inductive load (at or near a motor, 
etc.) to attain maximum correction 
(from capacitor back to current 
source). However, they may be 
grouped at load-center locations. 
Whatever the specified location, it 
is the field-man’s responsibility to 
see that they are properly mounted 
and have adequate mechanical pro- 
_ tection. 
Installation methods vary with 


Legend: SW - Disconnect, breaker or fused switch 


| MS - Motor starter 


METHODS OF WIRING capacitors to induction motor circuits. 
‘Units can be connected (1) on motor side of overload relays; 
(2) to line side of overload relay; or (3) on the line ahead of 


Supply conductors’ 


CEILING MOUNTING FLOOR MOUNTING 
BRACKET 


BRACKET 


Ground clamp 


Safety switch 


INDIVIDUAL CONNECTION 


field conditions encountered. Eco- 
nomic consideration, floor space 
limitations, equipment layout and 
building structural features all 
have a bearing on whether the units 
are mounted on the floor, wall, or 
ceiling at individual loads or load- 
center areas, 

Through the cooperation of 
manufacturers, capacitor installa- 
tion has become a relatively simple 
chore. Cases are equipped with 


~To power 


source 
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OR - Motor overload relay 
F - Capacitor indicating fuses 


WITH GROUP PROTECTION 


diagrams show group (left) and individual (right) connections 
of units with group protection of safety switch, 


sturdy mounting flanges and, when 
requested, standard floor brackets 
are furnished with individual un- 
its. Single wall ‘and ceiling sup- 
ports are available on order as are 
factory-designed and_ fabricated, 
multiple-unit racks for the three 
types of mounting. Included with 
these orders are all the necessary 
nipples, locknuts, bushings, etc., to 
connect the number of units in- 
volved. Factory-made racks also 


at 


ico) 
oO 
= 
=f 
° 
a 
to 
© 
= 
fo) 
a. 
°o 
peas 


R -. Capacitor discharge resistors 
C - Capacitor unit 


the motor controller. In first case (1), relay should be rated 
to match reduced line current effected by capacitor. In (2) or 
(3) current through relays will not be reduced. 


DIANOND 
PRODUCT INDEX 


ty ~DTX® Non-Metallic Sheathed Cable Diamond for years has concentrated on this 
. a It's the WHITE wire. Non- “Basic Line” of wire and cable products... ~ 


sticking, smooth and easy to mixing them thoroughly with quality and 


) = pull, DTX will not flake off. . 
SS Motine ReicAne eRe prompt delivery. And remember, one source 
Se, ant, it is clean to handle Diamond buying saves ordering time, elimi- 


¥ and strips easily. 


nates error... increases your profits. 
All UL listed. 


Heavy Duty Portable Cords 600 V Building Wire Type THW. 


Available in Red-D-Prene® New UL listed Thermoplastic 
(red or black neoprene jack- building wire for 75° wet or 
et) oil, heat and flame resist- dry application. Small dia- 
ant; Black Diamond (black meter, slick silicone finish. 
rubber) for general purpose Standard colors in solid and 
use; and Signal Yellow (yel- stranded ...sizes 14 AWG 
low thermoplastic) for all lo- through 4/0. 

cations where heat is 

no problem. 


eit, 


Diamond DUF® Type UF 


Thermoplastic insulated and Diamond DTW is the small 
jacketed non-metallic diameter building wire that 
sheathed cable. Retards is flame and moisture resist- 
ant. Eight permanent colors. 
Small size allows more cir- 
ance to moisture, corrosion, cuits in existing conduits. Sizes 
fungus, abrasion. UL listed. 14 thru 4/0. 


sides s 


flame and has excellent resist- 


Type SE Service Entrance Cable Weatherproof Wire 


A d — i 
(Armored and Unarmored—Copper or Aluminum) Triple braid weatherproof 


May be used without conduit covering can be relied upon 
from pole to building and to meet severe climatic con- 
down side of building in ditions. Available also with 
places not subject to mechan- neoprene or polyethlyene in- 
ical injury. UL listed. Neo- sulation. Comes in solid and 
prene Aluminum SE also stranded, full range of sizes. 
available. 


Coiled Heater Cord Set Bare Copper Wire 


It's new, convenient, safer to Soft drawn bare copper wire is 
use. Non-tangling six-foot cord retracts to 18 available in a complete range of 
inches. Can be used on any heat-type appliances. sizes, solid or 7 stranded. 


ACT Armored Cable 
Range Cord Sets & Flexible Steel Conduif 


Three wire set is 36” long. Rubber 
molded cap, rubber jacketed cable, 
steel strain relief. UL listed. 


Suitable for general wiring in 
non-fire proof structures. 
Two, three, four conductor. 


DIAM ON D 


WIRE and CABLE Company 


Sycamore, Illinois 
WAREHOUSES: Pittsburgh * Cleveland * Minneapolis « Denver « Dallas * Atlanta 
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All mounting holes 


7 for > dia. bolts ne 
Ground clamp 


54 


Mounting holes 


TRIPLE-TIER arrangement of multiple dust-tight capacitor installation. Racks bolt 
together to form tiers. Dimensions vary with number of units. 


DUAL RACK suspended from plant ceiling supports bank of capacitors fed 
by bus duct run. Units are not yet installed in second rack of this load- 
center application. 


f Input auto or Linear Output auto or 
isolation transformer reactors isolation transformer 


Output to 
O three phase 
load 


Capacitor 
bank 


STATIC-MAGNETIC voltage regulator has transformer, reactor and capacitor compo- 
nents connected as indicated. Unit features instantaneous response to input voltage 
fluctuation while maintaining critical output values. 


are available for outdoor, pole- 
mounted groups (primary capaci- 
tors) in straight-line, cluster or 
contour arrangements. A _ repre- 
sentative selection of mounting 
techniques is illustrated. 

In general, regulation of supply 
voltage is a responsibility of the 
serving utility and is effected by 
installing regulators on the primary 
distribution circuits. Most of these 
units are essentially tap-changing 
transformers with a type of switch- 
ing mechanism that automatically 
changes taps within a _ specified 
range as the load voltage fluctuates. 
Such step-regulators help maintain 
rated voltage at the service en- 
trance equipment. 

Of more interest to electrical con- 
tractors and engineers concerned 
with commercial and _ industrial 
electrical distribution systems are 
regulators designed to maintain 
constant output voltage despite in- 
put voltage fluctuations. Today, 
many industrial and laboratory 
areas, as well as data processing op- 
erations, require maintenance of 
critical nameplate voltages within 
a relatively narrow range. Among 
equipments for this purpose are 
static-magnetic regulators with in- 
stantaneous response and virtually 
maintenance-free design. As with 
any electrical device, installation 
should follow procedures that pro- 
vide adequate mechanical protec- 
tion, equipment grounding and air 
circulation to dissipate heat. Actual 
circuit connection normally involves 
connection of input and output con- 
ductors to terminals on the factory- 
wired unit. 


STATIC-MAGNETIC type 3-phase voltage 
regulator has transformer, reactor and 
capacitor components assembled and pre- 
wired in a sturdy metal enclosure. Unit 
features instantaneous response. 
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FOR QUALITY... PRODUCTIVITY... PROFIT... MODERNIZE WITH GENERAL ELECTRIC 


LIMITING COUNTING 


Limit extrusions with new transis- Record production without touching 
torized relay featuring miniature = < counted objects at speeds up to 600 
light source and photocell holder. Sad operations per minute. 


Inspect continuously for tears or Regulate loop length and shape with 
breaks in moving web with photo- this self-contained photoelectric relay 
electric scanning system. . . - ho tubes or transistors. 


A COMPLETE LINE OF GENERAL ELECTRIC CONTROL DEVICES 


Photoelectric controls Electronic devices Photoelectric systems 


General-purpose Timers Smoke-density indicators 
High-speed Resistance-sensitive relays Side-register controls 
Long-distance Voltage-sensitive relays Cut-off register controls 
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CONTROLS 


FOR AUTOMATION 


@ 


PHOTOELECTRIC CONTROLS 


SORTING 


Switching ... inspecting ... counting... diverting... 
sorting . . . controlling. These are but a few of the 
hundreds of applications where General Electric 
photoelectric controls are helping our customers move 
closer to the benefits of automation—increased pro- 
ductivity, lower costs, higher quality. 


Users are finding new ways to fit General Electric 
photoelectric devices into their production processes 
every day ... for good reasons: These versatile G-E 
controls are designed for heavy-duty industrial use. 
They’re easy to install, and require virtually no main- 
tenance. They are highly dependable throughout a 
long operating life. In fact, General Electric photo- 
electric controls feature lamps with life expectancy 
of 10,000 hours—more than a year of round-the- 
Route different size containers by clock operation! 
height—faster, automatically—with 
this photoelectric relay system. ONE-YEAR WARRANTY, IMMEDIATE STOCK SHIPMENT 

General Electric photoelectric and electronic de- 
vices carry a standard one-year warranty for your 
protection. And, your order for standard catalog 
devices is filled immediately from one of six regional 
warehouses. Also, replacement parts are warehouse- 
stocked, too, for your convenience and protection. 


For expert help in applying General Electric photo- 
electric devices to your operations, call your nearby 
G-E Apparatus Sales Engineer or Distributor today. 
And, for your personal copy of our Photoelectric 
Devices catalog, mail the coupon below. General 
Electric Co., Specialty Control Dept., Waynesboro, Va. 


| SEND TopaY FoR FREE CATALOG 


General Electric Co., Section A793-02 
Schenectady 5, New York 


| 

| 

| 

: 

| Please send me a copy of the G-E Photoelectric 
| Control catalog, GEA-6822, with description, speci- 
fications, and pricing data on the complete line. 
| 

| 

| 

| 

| 

l 


Name 
Signal overheight, sound alarms, etc., company 
automatically with this low-cost, Address 
indoor-type relay. City State 
PL a A Sf se A aa i OR seg A 
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Power Sources 


normal 60-cycle utility service 

might jeopardize safety of life or 
property, an alternative power 
source should be provided to insure 
continuity of such essential opera- 
tions as panic lighting, ventilation, 
telephone service, fire pumps, hos- 
pital respiratory equipment and 
stairway lighting. 


: ANY location where failure of 


Generators: Engine Driven 


In most instances (commercial 
and industrial), such emergency 
power is furnished by engine-driven 
generators. Capacities of units 
range from a few hundred watts 
to several hundred kw; engines use 
gasoline, natural gas and diesel oil; 
control is obtained either manually, 
remotely or automatically; units are 
designed either as stationary or mo- 
bile power stations; and cooling is 
obtained either by natural convec- 
tion, fan-forced air or by circulat- 
ing water. 

Generator engines are generally 
4-cycle units having from one to 
six cylinders, depending upon size 
and capacity. Speed regulation is 
consistently good, and in larger 
sets, ignition current is supplied by 
starting batteries. 

Installations controlled automat- 


GENERATORS: NEC Article 445 


ically go into action immediately 
when normal-power solenoids are 
denergized to release spring-action 
contactors, or when voltage-sensi- 
tive relays are activated due to 
normal voltage falling below a pre- 
determined minimum value. Auto- 
matic transfer controls generally 
include small trickle chargers to 
keep starting batteries at full po- 
tential, and time-delay relays may 
be included if hesitation intervals 
are desired between normal power 
failure and emergency m-g sets 
picking up the load. 

In selecting generator sets, it 
should be remembered that (1) ca- 
pacity should be matched to es- 
sential loading, (2) voltage and 
phase characteristics must coincide 
with those of the normal supply, 
(3) exhaust must be provided to 
the outside of the building, (4) sta- 
tionary installations must be pro- 
vided with permanent bases, and 
(5) fuel tanks must comply with 
code rulings and local ordinances 
pertaining to burial or isolation. 

In some instances it is desirable 
to consider using more than a single 
generator set, thereby allowing 
separation of loads affected by volt- 
age fluctuations (lighting, com- 
munications equipment and the 
like) from loads that fluctuate 


Generators should be installed in dry places with adequate ventila- 
tion and sufficient surrounding space to permit safe, effective main- 


tenance. 


And, if installed in hazardous locations, specific occupan- 


cies, theatres and assembly halls, motion picture studios or the like, 
or if used to generate induction or dielectric heat, installation of 
generators must also comply with provisions of Code Articles 500, 
510, 520, 530 and 665, those articles covering such items as over- 
current protection, use of explosion-proof equipment, approved en- 
closures, cooling, ventilation, and accessibility. 

A generator must be installed with a visible nameplate showing 


maker’s name, kw or kva rating, rpm, volts and amps corresponding 
to normal rating. Also, if generators are accessible to unqualified 
persons, live parts having more than 150 volts to ground must not be 


exposed to accidental contact. And, if the generator operates at a 
terminal voltage in excess of 150 volts to ground, the frame must 
either be positively grounded, or it must be completely insulated from 
ground. 

As further defined in code construction specification sections, lead 
wires passing through generator frames may be protected by soft rub- 
ber bushings, provided they are not exposed to oil, grease, oily vapors, 
or other substances having a deleterious effect on rubber. 


CHANNEL MASTER 
ALUMINUM 


CHANNEL MASTER coRP. @ 
enwittets Laborato, 


ELECTRICAL METALLIC TUBING 
ISSUE NO. EN-7/ 


Channel Master Aluminum EMT provides the advantages you 
want. It costs less to buy... looks better longer...speeds up the job! 


For a price below that of steel, you can have Channel Master 
Aluminum EMT, the lightweight tubing that stays good looking 
...mirror bright, mirror smooth...inside and out. Aluminum EMT 
won’t ever show its age. 


Packaged in standard 10-foot lengths, chamfered at both ends, 
it is also easier to cut, bend, and put together. The hard-drawn, 
seamless raceway facilitates fishing and wire pulling. Standard inside 
and outside diameters match all U.L. approved EMT fittings. 


Channel Master Aluminum EMT can be purchased through 
your regular distributor. Ask him to show you how to make faster, 
better installations at lower cost. 


he 0h oe ee Oe ee eee AM eLeNVILLE. New YorK 


—— Muffler — 


sles of hole 
4 inches from 
exhaust line 


Metal shields — 
and thimble 


AAS 


Brace where needed 


Sweeping elbow 
Vi. 


Condensation trap, install 
ahead of ony rise in line 


Flexible exhaust tubing 


Petcock for —— 
draining 


Broken line indicates outline 
of housed unit 


TAPERED CONCRETE BLOCKS are used to support this standby generator in order 
to facilitate maintenance and permit easy removal of oil pan. Exhaust pipe termi- 
nates outside building at point where hot gases or sparks will be discharged harm- 
lessly. Since long exhaust pipes and extra fittings cause resistance to flow of gases, 
exhaust installation should be as short and simple as possible. If exhaust line is 
carried through wall, metal shields and thimble should be used to protect surrounding 
combustible partitions. 


M-G SET consisting of ac 125-hp motor, de 3-kw 250-volt exciter, and 225- 
kw generator is used to power blower-cooled main drive of double-bearing 
planer having 40-ft table, travel speed of 240 ft/min, and reversing cycle 
of 0.9-sec. Note rugged |-beam supporting frame bolted through block floor- 
ing to concrete sub-base, also adjacent control cabinet and PB station. 
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widely (such as_ reciprocating 
pumps and compressors, elevators 
and spot-welding machines). 

As to type of fuel to be specified 
it is pertinent to note that gasoline 
engines are generally lower in first 
cost but higher in operation charges 
than diesel units. Gasoline unit: 
have good starting characteristic: 
and acceptable ability to pick uy 
heavy loads upon cold starting; ye 
gasoline storage and handling is po 
tentially hazardous, and prolongec 
storage of fuel can result in it: 
deterioration. 

Gas (like gasoline) engines are 
lew in first cost and have excellen’ 
starting characteristics and _ the 
ability to promptly carry heavy 
loads on cold starting. Fuel storage 
is avoided, although availability 0: 
large amounts of natural or manu- 
factured gas for emergency use only 
is blocked frequently by utility limi. 
tations or policies. 

Diesels are higher in first cost. 
but operation charges are less, fuel 
storage presents fewer problems 
concerning hazard and deteriora- 
tion, and engines have good start- 
ing ability (when equipment is of 
sufficient capacity). To keep units 
constantly available for emergency 
service, it is also recommended to 
maintain water in engine jackets at 
reasonable temperatures for fast 
starting in cold weather (through 
use of immersion heating ele- 
ments), and starting batteries 
should be kept fully charged (by 
chargers operating on normal 
power circuits). Cooling systems 
naturally depend upon capacities 
and local installation conditions, 
varying from the use of engine- 
mounted radiators and fans to re- 
mote radiators and electric fans (to 
obtain ample cooling air when local 
engine-room conditions are insufh- 
cient), cooling towers and spray 
ponds for large units and direct 
connections with the building water 
Syuteny 


/ . 
Generators: Motor Driyen 


While previous discussion em- 
phasized use of engine-driven gen- 
erators for stand-by emergency 
power purposes, it should be noted 
that motor-driven generator units 
are likewise used extensively for 
changing ac to de, de to ae, de to de 
at different voltages, or ac to ac at 
different frequencies. 

Use of de in industry should not 
be underestimated, for it is eithey 
necessary or preferable (for effi- 
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The highest man-made 
structure in the world 
is the transmitter tower 
of WGAN-TV, Portland, 
Maine. The 1,619 foot 
tower, put into full-time 
operation October 30, 
1959, is 154 feet higher 
than the Empire State 
Building (including its 
antennas), almost twice 
as tall as the Eifel 
Tower, and 9 feet taller 
than the KSWS-TV tower 
in Roswell, New Mex- 
ico. Of triangular cross- 
section, just ten feet to 
a side, the WGAN-TV 
tower is guyed on all 
three sides to anchor 
points 1,200 feet from 
its base, has an eleva- 
tor that rises to within 
40 feet of its top, is 
built to withstand 120 
m.p.h. winds. The an- 
tenna radiates 316,000 
watts. 


SEND FOR 
NEW FREE 
CONDENSED 
CONTROL 
CABLE 

DATA FOLDER 


HIGHEST 


WESTERN INSULATED WIRE COMPANY 


Los Angeles 58, California 


66 


PORTABLE ELECTRICAL CORD 
AND CABLE 


has the 


content in the industry 
at no extra cost 


First choice for a durable electrical 
cable in the construction industry is 
Bronco 66 Certified. its outer protecting 
jacket, containing 67.32°% Neoprene 
and so certified by a Registered Pro- 
fessional Engineer, has the special 
toughness needed to give exceptionally 
dependable service to tower builders, 
tunnel diggers, bridge erectors, and 
building contractors: TY ‘stations 
throughout the country are using 
Bronco 66 on cameras, lights, controls, 
and for construction. The highest-Neo- 
préne-content jacket keéps Bronco. 66 
Certified on the job in spite of coastal 
cold and ocean Spray, as well as desert 
heat, sunlight and ozone. it is engt- 
neered to withstand the particular 
abuse encountered on construction 
assignments. .; the elements, oil and 
grease, abrasion, crushing; and chis- 
ping. Bronco 66 Certified is wonderfully 
flexible, easy to work with; is branded* 
at exact two foot intervals with com: 
plete identifying data in letters that will 
not rub off. Always specify Bronco 66 
Certified and enjoy the Jjong-term econ- 
omy of top quality. 
*Name, type, size, number of tconductdrs, and 
rated voltage are moided into the jacket by a 


patented Bronco process —U.S. patent No. 
2867001. 
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WITH NEW GENERAL ELECTRIC 
tgs for ae SAFETY SWITCHES 


copper or 


aluminum wire 


(60 to 600 amp.). 


Bottom-hinged and front- Visible blades are spring-reinforced 
operated for close ganging. to assure full, firm contact; mini- 


mum joints in current path; silver- 
plated copper parts; no fiber 
linkages in mechanism, 


Clear ON-OFF indication from over 
100 feet. Ratings plainly shown on 
permanent metal nameplate. 


HEAVY DUTY A V LIGHT DUTY 


Safety phase barriers guard against 
accidental contact with live parts. 


/ 


General Electric’s new safety switches bring you important savings in 
space, longer service life, maximum safety and more economical instal- 
Jation. And Heavy Duty (Type A) switches sell at Normal Duty (Type 
C) price levels. Write for Bulletin CPD-74, See your nearest G-E dis- 


tributor for a demonstration. 


GENERAL @@ ELECTRIC 


Circuit Protective Devices Dept., Plainville, Conn. 
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Automatic line - 
transfer control 


Metal shields 
and thimble 


Starting 


TYPICAL INSTALLATION of pressure-type air-cooled emer- 
gency generating plant shows mounting bolts anchored in 


concrete foundation to prevent settling, 


Special cork or rubber mounting pads are obtainable if isola- 


ciency reasons) for such diverse 
applications as electroplating, bat- 
tery charging, test power, arc weld- 
ing, cathodic protection, operation 
of magnetic brakes and solenoids, 
machine tools, crane and hoist 
motors, elevators, and for syn- 
chronous motor excitation for com- 
pressors and pumps, fans and blow- 
ers, saws and grinders. — 

Use of de motors driving de gen- 
erators likewise has a spread of ap- 
plications. A de booster generator, 
for example, may be driven at con- 
stant speed by a shunt-wound mo- 
tor to raise line voltage for the 
purpose of battery charging; or a 
3-unit balancer may be used in sin- 
gle-voltage de generator to produce 
a multi-voltage supply. In this lat- 
ter instance, a 3-unit balancer gen- 
erating 40, 80 and 120 volts could 
be connected to a 240-volt generator 
to provide six voltage steps so that 
related de motors could be operated 
at six different speeds for various 
applications. 

Frequency-changing is also com- 
ing into wider use for many special 
lighting installations, high-cycle 
induction-heating equipment, high- 
speed power tools, and for the op- 
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Light near 
plant 


Heated air 


eecrartvin +) 
yy 
nnn )) 


SOI 


s/<Fuel line 


shifting or vibration. 


eration of communication systems 
and special motors. 


Rectifiers and Converters 


The necessity for changing 60- 
cycle ac to de and the desirability 
of changing from one voltage or 
frequency to another has likewise 
stimulated the development of 
many different types of rectifiers 
and converters. 

In this process, development of 
rectifiers has involved several dis- 
tinct approaches, including such di- 
verse forms as the mercury arc 
(ignitron), gas-filled tubes and 
gaseous conduction (thyratron), 
and various dry-dise metallic units 
such as those employing copper ox- 
ide, copper sulphide, germanium, 
selenium or, fairly recently, silicon. 

Theories upon which rectifiers 
are based are relatively simple; for, 
by presenting a different resistance 
to the flow of an electric current 
whenever the direction of current 
is reversed, it becomes possible to 
effectively convert alternating cur- 
rent into a one-way, or direct, power 
source. For that reason a rectifier 
may be likened to a check valve, 


outlets 


\ 
PEAS 
Cooling PS S 


air (in) 


Concrete base 
not closer than 
24 to any wall 


tion of vibrations is desired to obtain quieter operation of 
standby unit. Note that unit is positioned with blower oppo- 
site air inlet. Battery is mounted close to generator so that 
lengths of connecting cables are as short as possible. 


this principle being instrumented 
variously by mercury-pool cathodes 
(in the case of ignitrons), or by 
electrical conductive properties in- 
herent in the various metallic units. 

That both types have important 
industrial contributions to offer can 
be illustrated by citing an installa- 
tion in a large alumina-reduction 
plant (in Arkansas) where power 
requirements are in the order of 
100,000 kw, and where power con- 
version from ac to de is accom- 
plished by 12 ignitron assemblies 
fed by 12 rectifier transformers. 
Each assembly consists of two 12- 
tube ignitron rectifier groups and 
each group is connected through a 
high-speed de cathode breaker to 
a common de collector bus from 
which a 125,000-amp potline is sup- 
plied. Normal de is at 800 volts, 
although, through combinations of 
taps, tap changers and auto-trans- 
formers, it is possible to vary volt- 
age from this level down to 95 volts. 

Reviewing rectifiers designed on 
the dry metallic disc principle, it 
may be stated that, since they are 
light in weight, have no heavy moy- 
ing parts and need no special foun- 
dations, their installation costs are 
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new 1960 RLM Specifications Book 


Brings you New and Upward Revised Standards 


iy U ' ... remember this important fact, this new Edition 


Announcement emphasizes that RLM Specifications 

for industrial lighting units are not fixed Standards. 
2 They are Quality Standards that advance with the 
Industry and the Science of Illumination. 


> 

A; 
is RLM Standards are Product 
x. Quality and Lighting Quality 
Standards for Industrial Lighting 
Equipment. They are moving 
standards—they move upward 
with each advance in the art of 
illumination and with the tech- 
nological advances for manufac- 
ture. That’s why we have annual 
editions of the RLM STANDARDS 
SPECIFICATIONS BOOK. That’s 
why the 1960 Edition, now off 
the press, should be in the hands 
of all who buy or specify lighting 
—and its quality specifications 


LO MAHON Be wv 


putt should be known to all makers 
cs Q» yt and sellers of industrial lighting 
oo” Qv* Sees equipment. For your complimen- 
ee we Sp ications i] 
cat Le ae tary copy, mail the coupon today. 
wW Ee oeGe, me ent 


These TWIN QQ’s to Industrial Lighting 
Success are guaranteed with all lighting 
equipment bearing the RLM Label. And 
again for 1960, there are new and revised 
STANDARDS! They include: New Specs ees Cee Nein 

for 1500 MA HIGH MOUNTING FLUORESCENT units. ; 
Semi-Direct Porcelain Enameled and Aluminum units. 
« GROUNDING of all component parts. e CONTINUITY 
OF GROUNDING throughout a continuous row. e SILVER 
PLATED CONTACTS in all “rapid start” units. e NEW SYN- 
THETIC ENAMEL Specification for component parts cover 
(1) rust inhibiting undercoating (2) adhesion (3) hardness. 


RLM 


i= 
RLM 


High 
Mounting 


RLM STANDARDS INSTITUTE, Inc, Suit» #195. $26 w. Madison 


icago 6, Ill. RLM 


Special 
Send free full information including the New 1960 Edition of i Demtice : 


the RLM SPECIFICATIONS BOOK. (Please write name, | 


Semi-Direct 
company and address in margin below.) | Fluorescent 


Dome 
> SE es Se E764 
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| eranes 
| bridges, electroplating and labora- 


reasonable. And, since their effi- 
ciencies are relatively high (80% 
or better), their operating costs are 
correspondingly modest. Without 
moving parts (except for small ven- 
tilating fan motors), their mainte- 
nance is minimum. And, due to the 
development of compact “packaged” 
units, useful floor space is con- 
served. 

While on the subject of power 
that deviates from normal 60-cycle 
current, it should be added that (in 


‘addition to motor-generators) nu- 


merous excellent high-cycle appli- 
cations are being instrumented by 
frequency converters. Since these 


units combine characteristics of a 


motor and generator in a single 
armature winding, they take up less 
floor space. Moreover, they are 
practically maintenance-free and 
are particularly desirable where 
fixed-load applications exist and/or 
floor space is limited. 


Storage Batteries 


Storage batteries are recom- 


_ mended for three basic types of ap- 


plication: (1) to provide power 
when continuous or direct connec- 
tion to a normal utility source of 
service is impractical, such as on 
industrial trucks, for remote airway 


| beacons, or for portable lighting 
| equipment; (2) to supply an auxili- 


ary source of power on an emer- 


| gency basis when normal service 
is interrupted; and (3) to provide 


special voltage and current charac- 
teristics for such purposes as lab- 
oratory experimentation or meter 
calibration. 

Due to their reliability and wide 
range of applications, storage bat- 


teries are used commercially and 


industrially for circuit breaker con- 
trol systems, control bus operation 
and protection, exciter power, trip- 
ping, supervisory control of power 
plants, emergency lighting, standby 
power, and as normal power sources 
for operating alarms and beacons, 
and compressors, draw- 


tory equipment, public-address and 
sprinkler systems, telephone and 
teletype equipment, signalling de- 
vices, remote lighting installations, 
and others. 

Storage batteries are available 


_with lead-acid, nickel-iron-alkaline 


or nickel-cadmium cells, all operat- 


' ing on the same general principle 
but differing in characteristics. For 


example: alkaline-type batteries 
have a higher initial purchase price. 


ho 


230v 
3¢ 


W5v 
I 


Main3¢ 
ac supply 


Control 
panel 


230v control circuit 


Operator’s 
box 


Power supply to 
rectifiers 


Main ac contactor 


TYPICAL INSTALLATION of automatic copper-oxide de rectifier plating 
equipment shows fused ac supply line connected to induction-type control, 
supplying regulated power to rectifier. In this instance, single-phase 230- 
volt ac supplies power for rectifier fan and contactors, while 115-volt ac 
supplies power to motor-control relay and control motor. Controls in opera- 
tor’s box govern start-stop or raise-lower operations in tank. 


Conversely, lead-acid batteries are 
less expensive, have slightly higher 
efficiencies (85-to-90% as compared 
with 80% for alkaline), are smaller 
in size, and have shorter recharging 
cycles. 

Other factors enter into selection 
of batteries as well: physical use 
(portable or stationary) ; determin- 
ing type of container (rubber, 
glass, plastic) ; number of cells de- 
termined by desired voltage of the 
installation; ampere-hour capacity 
depending upon current and length 
of discharge period; etc. 

Consideration should likewise be 
focussed on connection of batteries. 
For example, cables should be flexi- 
ble and long enough to relieve ter- 
minals of mechanical strain, and 
should be protected to prevent 
chafing or deterioration of insula- 
tion. If several trays are connected 
in series, the positive terminal of 
one should connect with the nega- 
tive terminal of the other. Or, 
if connected in parallel, positive 
and negative terminals should be 
twinned together. Battery connec- 
tions should be of equal size and 
length to obtain equal current dis- 
tribution and equal wear, while bat- 
teries should be kept at the same 
temperature to insure equal dis- 
charge characteristics. 

Maintenance procedures recom- 
mended by manufacturers should be 
scheduled on a regular periodic 
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basis. And, in addition, batteries 
and connections should be kept 
clean; approved or distilled water 
should be added regularly; and bat- 
teries should be kept fully charged. 

Installations should conform with 
NEC recommendations. That is, 
battery rooms or compartments 
must be dry and ventilated in such 
a manner as to permit, inspection 
and exclude dirt, oil and water. 
Suitable racks or stands should be 
provided to facilitate maintenance. 
Location should insure normal tem- 
perature conditions. Batteries 
should be supported firmly, level, 
and at equal intervals, blocked to 
prevent shifting, but not wedged 
or strapped so tightly that contain- 
ers will be damaged. 

It should also be noted that two 
general charging methods are prac- 
ticed in applications under our pres- 
ent consideration. 

The first is manual cycling, 
whereby batteries are connected 
into a system and used until they 
become discharged to a predeter- 
mined extent, whereupon their re- 
charging cycle is started manually 
and continued until full-charge 
gravity is restored. This method 
is used generally for mobile instal- 
lations, such as industrial trucks. 

The second method, referred to 
as floating, requires batteries to re- 
main permanently connected to the 
electrical system. 


225 


COPE SUPPORTING SYSTEMS 


MEET EVERY CABLE DISTRIBUTION REQUIREMEN 
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Sy 


LADDER and CHANNEL for WIREWAY for Primary Power SYSTEM SUPPORTS 

Support of Interlocked Armored and Secondary Distribution and ACCESSORIES 

Cable and Individual Branch Runs Circuits © ineHickies Siero 

e All Cope Systems Feature Exclusive mnlifi : aa 7 : : 
Cope "Pin-Type Coupler for Facter ; a a Ga on Any Job Easy, Low Cost Installation of Wire- 


Assembly Without Special Tools «©. Suppukis Mie Cable ti bese Spine way, Ladder and Channel Systems | 


@ Lightweight, Easy to Handle—Choice than Conduit—Over 1,000 Inter- © Complete Line of Sheaves and Cable ~ 
of Hot Dip Galvanized or Aluminum changeable System Components — Rollers Speeds Installation of Cable 
@ Fittings Supplied Complete Ready to Straight Sections and Fittings—to 
Go—No Extras to Bother With on the Fit Any Type Layout 
Job e Available in Durable Expanded 
@ Provides Maximum Installation Flexi- Metal—Lightweight Aluminum or 
bility—For Changes in Width, Direc- Hot Dip Galvanized Steel Con- 
tion, Elevation and Cable Dropouts struction 
© Provides for Easy System Expansion © Prompt Delivery Through Nearby 
in Future Wholesalers 


PLUS NEW CONTROLWAY— LOWEST COST SUPPORT FOR Low VoLTAG, 
CONTROL AND SIGNAL CIRCUITS 


COPE SUPPORTING SYSTEMS AND EQUIPMENT ARE SOLD ONLY THROUG| 
AUTHORIZED COPE ELECTRICAL WHOLESALERS 
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ND INSTALLATION EQUIPMENT 


SIMPLIFY EVERY INSTALLATION JOB! 


STRINGING 
SHEAVE 


CROSS ARM 
SHEAVE 


By FLEXIBLE 
MANDREL 

NY 

ROD GRAPPLE Way \ 


PNEUMATIC 
FISHLINE 


AERIAL 
PLATFORM 


_ CRISS-CROSS 
CLEANER 


DOG TOOTH 
CUTTER 


EE 
QUICK COUPLING 
CONDUIT ROD 


GROUND TENT 


| THERE’S A COPE TOOL DESIGNED FOR YOUR PARTICULAR CABLE INSTALLATION JOB 


> Cope Pneumatic Fishline—Compact, Air-Operated Device to Fish Underground Duct in Minutes! 


p> Cope Conduit Rods, Grapples, Pullers and Feeders — Handy Tools to Meet a Variety of Installation 
Problems in Underground Duct. 


Cope Cross Arm Sheaves, Stringing Sheaves, Angle Cross Sheaves—in the Right Size for the Toughest 
Aerial Installation. 


p> Also Custom Designed Tools for Your Specialized Requirements. 
SAVE TIME AND COSTS—HAVE THE RIGHT COPE TOOL ON HAND! WRITE FOR CATALOG NO. 65. 


1024 


division of ROME CABLE CORPORATION ¢ COLLEGEVILLE, PENNSYLVANIA — | 


LZ. LNT IPSS SARITA 


{ 


Serving the electrical industry 
since 1885 
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Several of these circuit breakers are in the disconnected position. Yet the doors are safely 


closed. Wouldn’t you like this feature in the switchgear you are going to live with for 20 years? 


Why stumble over a circuit 
; breaker door for 20 years? 


Don’t let yourself be pushed around by a 600 volt switchboard. 
Fight back. Insist on equipment that lets you rack the breaker 
out to test or disconnect position without ever opening the 
door...completely safe equipment with no live parts exposed 
and no open doors to admit dust (see maker’s name below). 


Only one make of 600 volt switchgear offers this advantage 
(see name below). In 1957, when this line was introduced, it 
was the first to give you the miracle of manual stored energy 
closing. Today, naturally, you expect stored energy in any 
make of switchgear you buy. 


But only this one company (see below) offers the additional’ 
advantages of completely closed door disconnect, plus ex- 
panded range trip devices that let your breakers grow with) 
your loads. Each trip device has three to four times the range} 
of conventional devices. Saves both cost and downtime, 


The surprise is that you pay no more for this—today’s most 
advanced 600 volt gear. Why settle for anything else? For 
complete descriptive Bulletin 6004-C, write I-T-E Circuit 
Breaker Company, Dept. SW, 1900 Hamilton St., Phila- 
delphia 30, Pa. 


I-T-E CIRCUIT BREAKER COMPANY 


| 
. 
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ergy at voltages above 600 volts 

is probably the most important 
phase of modern electrical construc- 
tion for commercial and industrial 
buildings. Where construction of 
inside wiring systems rated up to 
600 volts is an old, established craft 
with a long and broad background 
of experience guiding modern ap- 
plication, high-voltage construction 
in buildings is a frontier area. It 
was only in relatively recent years 
that high-voltage distribution be- 
came a general-use technique in 
schools, shopping centers and all 
types of industrial plants. High- 
voltage construction work is not 
steeped in traditional ways of doing 
things. There has been time for 
only a very little evolution in in- 
stallation methods. The National 
' Electrical Code is still very sketchy 
in its coverage of high voltage; and 
the Underwriter’s Laboratories 
does not provide a guide for the 
use of high voltage equipment, as 
it does for 600-volt equipment. For 
all of these reasons, high voltage 
construction demands special and 
intensive consideration to assure 
' safety, effectiveness, reliability and 
economy in correct proportions for 
each job’s requirements. 

Basically, the elements of modern 
high voltage construction can be 
divided into the following areas of 
equipment selection and installation 
for systems rated from 2400 volts 
to 15,000 volts. 

1. Primary switching and pro- 
tection. 

2. Primary conductors and race- 
ways. 

8. High-voltage transformers 
and load-center unit substations. 

For each of the above categories 
of equipment there is a wide range 
of types and sizes of units, with 
varying installation requirements. 
In any installation, the range of 
suitable devices must be narrowed 
down until selection is made of the 
device or material best suited to 
all of the requirements. Manufac- 
turers’ literature greatly facilitates 
_ the tasks of selection and installa- 
tion. And engineering assistance is 
made available by the manufac- 
turers to assure effective applica- 


[) eres se vr of electric en- 


High Voltage 


tion. Extreme care and research 
should go into each step of high- 
voltage construction because of the 
potential hazards and the sub- 
stantial first cost of equipment for 
such systems. 

Basie selection and construction 
data on high-voltage equipment are 
given in accompanying boxes on 
specific rules from the NEC. Other 
considerations are given in the fol- 
lowing paragraphs. 


Switching and Protection 


Switching and short-circuit over- 
current protection for modern high- 
voltage electrical systems can be 
provided by a number of different 
equipment installations. For any 
particular case, selection of the best 
arrangement depends upon: the 
point of application—either for out- 
side or inside distribution or as 
service equipment; the voltage; the 
type of distribution system—radial, 
loop, selective, network; actual lay- 
out of the equipment; job condi- 
tions—accessibility, type of atmos- 
phere, use; future system expan- 
sion; and economic considerations. 

Modern high-voltage distribution 
in the range from 2300 volts up to 
15,000 volts makes use of three 
principal devices for load switching 
and short-circuit protection of cir- 
cuits. These are: 

1. Metalclad oilless (air-break) 
circuit breaker switchgear, 

2. Enclosed load interrupter 
switchgear with power fuses, and 

8. Oil-fuse cutouts. 

High-voltage power circuit 
breakers provide load switching, 
short-circuit protection, electrical 
operation, adjustable time delays 
of trip characteristics for selec- 
tively coordinated protection 
schemes, quick reclosing after trip- 
ping and various relay protective 
hookups such as differential relay 
protection of transformers. There 
are both oil type and oilless (or 
air-type) CBs, although the oilless 
type is the common type for indoor 
applications in systems up to 15 
kv and higher. Oil CBs are gen- 
erally used for outdoor applications. 
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CODE RULES ON HIGH-VOLTAGE INTERRUPTING DEVICES 


1. CIRCUIT BREAKERS 


A. Indoor installations of circuit breakers must consist of 
metal-enclosed units or fire-resistant cell-mounted units, 
except that open-mounted CBs may be used in places 
accessible to qualified persons only. 

B. A CB used to control an oil-filled transformer should 
(note: not a requirement) be located outside the trans- 
former vault. 

C. A CB must have a means of indicating the “OPEN” and 
“CLOSED” position of the breaker at the point or points 
from which it can be operated. 

D. Oil CBs must be arranged or located so that adjacent 
readily combustible structures or materials are safe- 
guarded in an approved manner. Adequate space sepa- 


Service CB controlling oil-filled transformer 
ae 


Vault 
Oil-filled transformer 


ration, fire-resistant barriers or enclosures, trenches 
containing sufficient coarse crushed stone and properly 
drained oil enclosures such as dikes or basins are recog- 
nized as suitable safeguards. 


2. FUSES AND FUSEHOLDERS 


A. Fuses which expel flame in operation must be 
designed or arranged to prevent hazard to persons or 


property. 


Typical solid-material (boric acid) 
power fuse as used in fused load- 
interrupter switches 


7. In operation, such fuse normally 
expels hot gases 


Condenser, " muffler" or "sneezer" to 
prevent hazard to persons or property, 
attached to bottom of fuse for indoor 
switchgear applications 


B. Fuseholders must be designed so that they can be 
de-energized while replacing a fuse unless the fuse and 
fuseholder design permits “hot” replacement by qualified 
persons using equipment designed for the purpose. 
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C. High-voltage fused cutouts installed in buildings or 


transformer vaults must be designed for use in such 
places. Where the cutout cannot be used to open the 
circuit under load, an approved switch or contactor ca- 
pable of load-interruption must be provided. And such 
cutout must be interlocked with the load interrupter or 
be marked “DO NOT OPEN CUTOUT UNDER LOAD.” 
D. Cutouts must be located where they can be readily 
and safely operated and re-fused. Fuses must be acces- 
sible from a clear floor space. 


3. LOAD INTERRUPTERS 


Load-interrupter switches may be used if suitable fuses 
or circuit breakers are applied in conjunction with them 
to interrupt fault currents. Such combinations of devices 
must be so coordinated electrically that they will safely 


withstand the effects of closing, carrying or interrupting 


all possible currents up to the short-circuit rating. 
4. ISOLATING MEANS 


Means must be provided to completely isolate an item 
of equipment, to permit de-energizing for inspection and 
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repairs. Devices which are not suitable for load interrup- - 


tion must be protected against load-breaking or marked 


to warn against such use. 
f 


above about 15 kv. Power CBs are 
made available in completely pack- 
aged assemblies for ready connec- 
tion into the system. 

Modern load-interrupter switch- 
gear in metal safety enclosures is 
finding even wider application in 
high voltage distribution systems, 
in combination with modern power 
fuses. Such metal-enclosed fused 
load interrupters offer a fully ef- 
fective alternative to use of power 
CBs, with substantial economies, in 
many primary voltage systems for 
commercial and industrial build- 
ings. Typical applications for such 
switchgear parallels those of power 
CBs and include the following: 

1. In switching centers—Switch- 
gear is set up for control and pro- 
tection of individual primary feed- 
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ers to transformer load centers. 
Here an incoming service bay is 
switched to bussing from which the 
feeders are tapped through individ- 
ual fused load interrupters. 

2. In substation primaries—Load- 
interrupter switchgear is used for 
transformer switching and protec- 
tion in the primary sides of sub- 
stations. 


3. In substation secondaries— 
Here the switchgear is used as a 


switching center closely coupled to 
a high-voltage transformer second- 
ary. 

4, In service entrances—This is a 
single-unit application of a switch- 
gear bay for service entrance dis- 
connect and protection in a primary 
supply line. In many applications, 
more than one such assembly is 


used for multiple supply circuits, 
often in combination with emerg-— 
ency automatic transfer. 

Fused load-interrupter switch- 
gear, typically rated up to 1200 
amps, can match the ratings and 
required performance capabilities 
of power circuit breakers for a 
large percentage of applications in 
which either might be used. The 
load-interrupter switchgear does 
not provide as quick reclosing after 
fault opening as a CB because fuses 
have to be replaced. And it does not 
offer differential-relay protection of 
transformers against internal 
faults. Both of these shortcomings, 
however, are not generally suffi- 
ciently important in most industrial 
and commercial systems to warrant 
the substantially higher cost of CB! 
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The most important wiring devices 
for any installation 


... from LEVITON 


Flush Tumbler Switches. Over 60 cataloged types are 
available, including 15 and 20 Amp AC Quiet, 10 and 20 Amp 


T-Rated AC-DC, and 10 Amp residential switches...backed by 
Leviton’s reputation for superior quality at sensible prices. 


[LEWorOD] 


Combination Line. Over 30 different cataloged combination 
duplex devices available. Quiet AC Switches combined with 
Parallel or U-Ground outlets, Pilot Light, or Duplex Switches 
in separate or common circuits. AC-DC switches in the same 
combinations. 


Single and Duplex Receptacles. Over 40 different cataloged 
types. Single and Duplex U-Ground, T-Slotted, Tandem and 
Parallel, double contact, back and side wired, and Quickwire 
for heavy duty and residential uses. 


Lev’O-Lock Devices. 2, 3, and 4 wire single and duplex 
receptacles, connectors, caps, and motor plug outlets. Midget 
2 and 3 wire caps and cord connectors. For safety, depend- 
ability, economy. 


. . when it’s important for you to make a choice, you know there's a 
Leviton wiring device to fit your need. Ask your Leviton Distributor 
today for your Contractor’s ABC. Or write to Leviton Manufacturing 
Company, Brooklyn 22, New York. 


Your best jobs are done with... 


Leviton Manufacturing Company, Brooklyn 22, New York * Chicago » Los Angeles © Leviton (Canada) Limited, Montreal 
For your wire needs, contact our subsidiary: American Insulated Wire Corporation 
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and costs less 
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INDENTER 
FITTINGS and TOOLS 


Here is the combination that is unbeatable when 
it comes to easier E.M.T. installation at less cost. New 
lightweight plier size indenters make setting up thin wall 
conduit a breeze. B-M fittings are neater too! No unsightly 
nuts or projecting set screws. 

A few more of the plus features of B-M fittings 
are Concrete tight—Vibration resistant — Extra 
heavy bright zinc plate, salt spray and acid 
drip tested for corrosion resistance — 

Extra heavy positive bonding lock- 
nuts — Smooth rounded edges or 
bushed throat type connectors 
that prevent insulation 
damage — All steel 
construction with 
extra heavy 
gauge wall 
thickness. 


Cross 
Section 


BM-21B 
Y2" Connector 


BM-22B 
¥%," Connector 


BM-23B 
1” Connector 


SHOE SCST SETHE SHESHEHSHESHHHSHEHEHHEHE RH EHHOH HHH HEHEHE HHEHHEHEH HEE 


BM-43 
1” Coupling 
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BM-51 
Yo" Offset Connector 
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Y_" Connector ¥%," Connector 
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All B-M indenter type 
fittings far exceed the 
requirements of U, L. 
file card E 10863 and 
Federal Specifications 
W-F-406. 
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BM-No. 607 
BM-No. 600 BM-No. 1000 BM-No. 100 Yo" Indenter GALVA * ILLINOIS 
Changeable Handvise for 2”, Cutter for 2”, BM-No. 608 
Jaw Indenter Ys” and 1” €.M.T. Ys” and 1” E.M.T. %," \Indenter > “3 Ff 
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SRA, 


METALCLAD SWITCHGEAR contains a 3-pole, gang-operated 
disconnecting switch between each of two 4160/2400-volt 
service feeders (shown entering pothead enclosures at top 
left and right) and each of the two main power circuit 
breakers. Main and feeder devices are 1200-amp, carriage- 
mounted, drawout-type power circuit breakers with 125-volt 
de electrical operation. Switchgear is mounted in basement 
electrical 'toom of a large, modern, shopping center. Supply to 
each CB main is made by two 500MCM, 3-conductor, 5-kv 


cables for multiple conductor phase feeders and two 250MCM, 
single-conductor 600-volt cables for a multiple grounded neu- 
tral. These cables are carried in rigid conduits underground 
from an outside pole. The phase wires are rubber-insulated, 
shielded and encased in a neoprene jacket. The neutrals 
are neoprene jacketed, uninsulated. Photo at right shows 
storage batteries for supplying the 125-volt de for CB oper- 
ation, with the floor-standing battery charger. The panel on 
the wall provides protection and disconnect for the de circuits. 


equipment and its installation. 
Power fuses used in load-inter- 
rupter switches are available in 
current-limiting and non-current- 
limiting types. The current-limit- 
ing type is constructed with a 
silver-sand internal element, similar 
to 600-volt current-limiting fuses; 
and such fuses have generally 


ae 


FUSED LOAD-INTERRUPTERS (one of 
four is shown) serve as service discon- 
nect and protection for 4160/2400-volt 
supply to transformer substation in a jet 
aircraft hangar. Power fuses in upper 
section are solid material (boric acid) 
fuses equipped with condensers on their 
bottom ends to protect against gas ex- 
pulsion upon operation. The bay at left 
contains automatic transfer-equipment to 
be used in conjunction with the «switch 
_ shown and a second switch of the same 
type to be added in a third bay attached 
on the left of these two bays. Supply to 
the units is made underground in conduit, 
up into the cubicles. 


higher interrupting ratings at some 
voltages, but their continuous cur- 
rent carrying ratings are limited. 
They do offer reduction of thermal 
and magnetic stresses on fault by 
reducing the energy let-through. 

Non-current limiting types of 
power fuses are made in two types 
of operating characteristics: expul- 
sion type and non-expulsion type. 
The expulsion fuse gets its name 
from the fact that it expels hot 
gases when it operates. Such fuses 
should not be used indoors because 
of the hazard presented by the ex- 
pelled gases. The boric acid fuse 
with a condenser or other protector 
against arcing and gas expulsion 
(such. as a “muffler” or “sneezer’’) 
is a typical non-expulsion, non-cur- 
rent-limiting fuse. 

Oil-filled cutouts are also finding 
wide use as low-cost switching and 
protective mechanisms for primary 
electrical systems. The oil-filled 
cutout is a completely-enclosed, 
single-pole assembly with a fusible 
element immersed in the oil-filled 
housing and two terminals on the 
outside. The circuit is broken 
safely and rapidly by an internal 
mechanism made up of the fuse in 
its carrier and two contacts which 
the carrier bridges in the closed 
position. Operation is controlled at 
the end of the mechanism’s shaft 
which comes out of the top of the 
unit. 

Oil-filled (sometimes called “oil- 
fuse”) cutouts are made in three 
sizes based on continuous current 
rating—100, 200 and 300 amps. 
They are rated for use up to 8 kv. 


Such cutouts are made in three 
basic types: (1) Pole-type cutout 
equipped with rubber covered leads 
from the terminals—for use in open 
wiring applications; (2) Pothead 
cutout equipped with an insulated 
cable from one terminal and a 
sleeve on the other terminal for con- 
necting a lead-sheathed or rubber 


ines x 


OIL-FILLED CUTOUTS mounted in the 
basement transformer room of a large 
suburban restaurant provide disconnect 
and protection for a 4160/2400-volt 
grounded service of three No. 4, 5-kv, 


unshielded, rubber-insulated, neoprene- 
jacketed single-conductor cables run un- 
derground to the building in 3-in. fiber 
conduit. Each cutout is a pole-type unit, 
with one of its rubber-insulated leads 
spliced to a supply conductor and one to a 
conductor to the adjacent bank of three 
100-kva, dry-type transformers. Each 
cutout is rated 5 kv, 100 amps and fused 
at 50 amps. IC of each is 25,000 kva, 
providing complete short-circuit protec- 
tion for the service. The three cutouts 
are mounted on a gang-operating rack 
mechanism for switching operation by a 
single handle. As applied here, oil-filled 
cutouts provide economical and effective 
load-break disconnect applications with 
protection. 
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apie: 
shielding els 


3 turns 
PVC tape tape 


PEAS WIC ape rae ee 


er al 


pricing 
tape PVC tape 
S es 


: Grounding lead 


Grounding \ Shielding braid é 
ale SHIELDED CABLE 
shielding 
tape 


paid Splicing tape 
' _ shieldin 
Grounding tape 9 py ciets ‘Shielding braid 


SHIELDED CABLE 


TYPICAL SPLICING and indoor termination methods for 3-conductor unshielded and shielded cables. 


~ 


Ti 


ANVANLAN 


Wiping 


UNSHIELDED. CONDUCTORS SHIELDED CONDUCTORS POTHEAD INDOOR 
AND OUTDOOR 
1. Neoprene jacket 5. Friction tape 9. Stress cone-thickness same 
2. Cable shielding 6. Tinsel shielding braid as cable insulation 
3. Nozone tape and special cement 7. Binding wire 10. Rubber rain shields-for 
4: Anhydrous tape and P&B paint 8.Ground wire outdoor terminations 
TYPICAL OUTDOOR cable termination methods use rain components available in special kits. Pothead enclosures are 
shields on exposed conductors. Numbers indicate termination filled with compound. 
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\ 


EL ES i are a a PN aN 


ROYALASTIC TAPE 


ROYALASTIC TAPE Royatastie 


DOES TWO JOBS 


It does the work of both rubber and friction tape. 


* Complete mechanical and electrical protection. 


* Good tensile strength and high resistance to abra- 
sion and to water, oils, acids, alkalies and cor- 


rosive chemicals. 2 ers 

¢ Good stretch and easy to handle. Makes a neat, When you think of rubber, think of your “U.S.” Distrib- 
thin splice. Approved by Underwriters’ Labora- utor. He’s your best on-the-spot source of technical aid, 
tories, Inc, quick delivery and quality industrial rubber products. 


Mechanical Goods Division 


United States Rubber 


WORLD'S LARGEST MANUFACTURER OF INDUSTRIAL RUBBER PRODUCTS 
Rockefeller Center, New York 20, N.Y. In Canada: Dominion Rubber Company, Ltd. 


RUBBER 


ELECTRICAL CONSTRUCTION AND MAINTENANCE ... MAY, 1960 235 


CODE RULES ON HIGH-VOLTAGE SERVICES 


/ Building wall 


| anolicable sections of 


Art.230 
L_, must be met for high voltage service 
Conductors and equipment for services rated over 600 
volts between conductors must basically comply with 
applicable sections of Article 230 on services up to 600 
volts. It should be noted that, for purposes of code 
application, secondary conductors, not the primary con- 
ductors, are regarded as constituting the service con- 
ductors to the building proper where: (A) Step-down 
transformers are located outdoors; (B) Step-down trans- 
formers are located in a separate building from the one 
served; or (C) Step-down transformers are located in the 
building served, in a transformer vault meeting code 
rules on construction of such vaults and under sole con- 
trol of the supply company. 

Code - 

constructed 
y transformer 
vaulf under 


control 


W 


1. SERVICE ENTRANCE CONDUCTORS 


A. Must be installed in rigid conduit or as multiple- 
conductor cable approved for the purpose—in locations 
accessible to other than qualified persons. 


TAGE 
SERVICE 
CONDUCTORS 

{ FOR LOCATIONS 

[ oven Tua TO 


| HIGH-VOL 


OTHER THAN 
QUALIFIED PERSONS 


B. Where accessible to qualified persons only, open 
conductors may be used, mounted on approved insu- 
lators which keep conductors at least 8 in. apart, except at 
equipment terminals. They must be not less than 2 in. © 
from surfaces wired over and, for voltages over 2500 
volts, not less than 3 in. 

C. Where cable conductors emerge from a metal 
sheath or raceway, the insulation of the conductors 
must be protected from moisture and physical damage 
by a pothead or other approved means. 


“Load conductors to 


/ transformer or 
switchgear from 
capnut férminals 


// Conductor insulation 
Lyf protected where conductors 
emerge from assembly 


“Service entrance 
cable conductors 
inlead sheath wiped 
to sleeve on pothead 
(or this could be conduit 
with a fitting on pothead) 


D. Raceways embedded in masonry or in wet loca- 
tions must be arranged to drain, unless conductors, 
specifically approved for the purpose are used. 

E. Where the voltage exceeds 15,000 volts between 
conductors, they must enter a transformer vault meeting 
code rules. 


Service. ——> 
- —Code-constructed transformer vault 


*Conductors over 15 kv must enter o vault 


covered cable from an underground 
circuit; (3) Subway-type cutout 
with a sleeve for lead or rubber 


Conductors and Raceway 


underground application, especially 
in wet locations. Interlocked armor 


cable on each terminal. For multi- 
phase circuits, two or three cutout 
units can be group mounted with a 
gang-operating mechanism for 
simultaneous operation. The load- 
breaking capability of oil-filled cut- 
outs and its effective fault inter- 
ruption suits it to many industrial 
and commercial indoor applications 
for transformer load centers. The 
oil-filled cutout is often the best 
device for a given application. 
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Primary conductors are made in 
many constructions for different 
places of use at different voltage 
levels. For the range of voltages up 
to 15 kv, the use of non-metallic 
sheathed cables—both shielded and 
non-shielded—is a definite modern 
trend. Such cables, in single- and 
multiple-conductor makeups, are 
used in rigid steel conduit, in under- 
ground ducts, on metal trays or di- 
rectly buried in the ground. Lead- 
sheathed cables still find use for 


cable—rated at 5 kv or 15 kv, is 
gaining popularity for primary cir- 
cuiting on cable ladder-type racks 
in many industrial areas. 
Effective application of modern 
high voltage cables depends upon 
careful study of requirements and 
selection of cable. In this special- 


ized area the manufacturers offer 


detailed engineering assistance. 
Many details on basic application 
are shown in accompanying illus- 
trations covering NE Code. 


. . MAY, 1960 


F. Conductors in conduit or duct enclosed by con- 
crete or brick not less than 2 in. thick are considered 
outside the building. 


Concrete or brick atleast 2 inches thick all around 
( conduit or duct 


» “Encased conduit or duct 


2. WARNING SIGNS 


High-voltage warning signs must be posted where 
unauthorized persons might contact live parts. 


3. DISCONNECTING MEANS 


The CB or alternative overcurrent devices under item 
No. 5 (at right) will provide disconnecting means. 


4. ISOLATING SWITCHES 


A. An air-break isolating switch must be used between 
an oil switch or an air or oil CB and the supply con- 
ductors, unless removable truck panels or metal-enclosed 
units are used providing disconnect of all live parts in 
the removed position. 


Service 
conductors 


— Service main 
~ Ea Oil switch, oil CB or air CB which 
h is not truck-mounted or removable 


with all terminals dead 


B. Fuses used with non-automatic oil switches which 
operate as disconnects may serve as an isolating switch 
when they completely disconnect the oil switch and all 
service equipment from the source of supply. 

C. Air-break isolating switches must be accessible to 
| qualified attendants only. They must be arranged for 
a readily-made grounding connection on the load side. 


5. OVERCURRENT PROTECTION 


A. Where service equipment is installed in a code- 
vault or consists of metal-enclosed switchgear, over- 
current protection and disconnect means must be pro- 
vided by the following: 

(a) At 15,000 volts or less, oil-filled or other fuses 
of suitable rating and type may be used without switch 
or CB provided they may be operated as a disconnect. 

(b) At 25,000 volts or less, a non-automatic oil switch, 
an air load-interrupter or other approved switch—capa- 
ble of breaking rated circuit load—may be used with 
suitable fuses. 

(c) Automatic-trip CBs may be used up to 25,000 volts. 

(d) At 15,000 volts or less, a switch capable of break- 
ing no-load current of the transformer may be used with 
suitable fuses if the switch is interlocked with a circuit- 
breaker in the transformer secondary, arranged so the 


switch cannot be opened when the CB is closed. 
ina transformer metal—er ed +e} 


( 14 
Service Vault or n¢ 1 Switt ear 


Maximun Jitable overcurrent 


DUPpLy 


B. Where service equipment is not in a vault or metal 
enclosure, overcurrent protection and disconnect must 
be provided as follows: 

(a) At 25,000 volts or less, an air load-interrupter 
switch or other switch capable of breaking rated load 
may be used with suitable fuses on a pole outside the 
building. 

(b) At any voltage, an automatic-trip CB of suitable 
current-carrying and interrupting capacity, with an over- 
current unit in each ungrounded conductor and arranged 
that operation of any one device will. open all un- 
grounded conductors, may be used. This CB must be 
located as near as possible to the entrance of the serv- 
ice conductors into the building or else on a pole out- 
side the building. 

C. High-voltage fuses must be rated for short-circuit 
duty at the point of application. 

D. CBs used in high-voltage services must be free to 
open in case the circuit is closed on an overload. Trip- 
free CBs provide such operation. 


One of the basic decisions to 
make in selecting primary cable is 
whether or not electrostatic shield- 
ing is required on the cable. The 
answer to this depends upon the 
type of insulation used, whether 
the system is grounded or not and 
the way in which the cable will be 
used. This problem should always 
_be resolved carefully, with consul- 
tation with the cable manufacturer 
-where, necessary. The NE Code 
gives its minimum safety require- 
ments on electrostatic shielding, as 
shown in an accompanying table. 


_ 


And methods of splicing and ter- 
minating shielded cables (with and 
without potheads) are given by the 
cable manufacturers. 

Proper termination of high- 
voltage cables is a very important 
phase of construction work. Some 
basic requirements are as follows: 

1. Paper-insulated cables must be 
terminated in potheads. This re- 
quirement also extends to such 
cables operated under 600 volts. 

2. Varnished-cambric cables 
should be terminated in potheads, 
but may be terminated with taped 


} ae \ i Q 


LADDER RACK mounted above metalclad 
CB switchgear will support 15-ky inter- 
locked armor cable feeder runs to load 
centers in other buildings 
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Above you see magnified sections of ordinary cable insulation 
(left) and Anaconda Butyl (AB) Cable insulation (right), 


These screens, used in the extrusion head to entrap possible contaminants, 
so fine they actually hold water. 


TWO BIG REASONS WHY ANACONDA BUTYL (A 


1, SPECIALIZED DEVELOPMENT 


Because Anaconda was the first to develop butyl-insulated 
cable—and because butyl handles differently from other 
rubbers—many problems came up during development. 
Here are some examples—and how Anaconda engineers 
solved them. 


A mixing problem: Like all raw rubbers, butyl in its raw 
state is a practically useless material. So it’s mixed with 
specially selected additives and ingredients. Because it is 
very difficult to disperse these ingredients in butyl, Ana- 
conda had to develop an entirely new mixing process and 
separate facilities to avoid contamination. Look at the com- 
parison photos and see how successful it is. 

A shielding problem: To eliminate laborious and time- 
consuming cleaning of insulation surfaces, Anaconda de- 


veloped a semiconducting tape* which firmly adhe 
the insulation—and yet is easy to remove during P 
and terminating. 


Even a vulcanizing problem: Ordinary vulcanizing € 
ment might have a tendency to deform butyl insulatic 
Anaconda developed huge vulcanizing tanks which | 
steam faster, vulcanize quicker and eliminate distorti 

These few examples show you the types of prol 
Anaconda engineers were up against. Their solutions 
show you why you can be sure Anaconda Butyl (ABYE 
is the finest cable you can buy. 


2. SPECIALIZED MANUFACTURE 


Anaconda’s new Marion Mill was designed to haa 
one product—Anaconda Butyl (AB) Cable. 


Close-up of semiconducting strand- Stes tape peine ennai to 500-Mcm tinned copper conductor. 


ie 


ae men behind this highly specialized equipment have 
one job...to study and improve the design and manu- 
are of rubber-insulated high-voltage cable. Here are a 
of the many places where they built precision right into 
droduction line. 


lation purity: For extra protection against contamina- 
the unvulcanized Anaconda Buty] is passed through a 
ts of screens, one of which is so fine it will hold water. 


nd-shield taping: For better equalization of internal 
Tical stress, Anaconda applies a special fine-mesh semi- 
lucting tape under the insulation of all stranded high- 
ige cables. 


janizing in lead: Conventional lead presses must stop 
ddically for refilling—severely heating up and often 


2reel entering large vulcanizing tank which vulcanizes cable quicker than conventional methods, eliminating distortion of insulation, 


naconda development—semiconducting tape—adheres firmly to insulation, yet removes easily, facilitating splicing and terminating. 


EANS | RELIABLE| HIGH-VOLTAGE CABLE 


damaging the cable section in the die block, so Anaconda 
extrudes lead continuously. In the next step, exceptionally 
large drums are used for vulcanizing in lead to eliminate 
distortion of jackets and insulation. 

These few examples help show you that the manufacture 
of Anaconda Butyl (AB) is highly specialized, highly pre- 
cise—and why Anaconda offers you the big advantage of 
consistent high quality. eck” asued Stes aaa 


ASK THE MAN FROM 


ANACONDA 


ABOUT BUTYL (AB) HIGH-VOLTAGE CABLE Selle 


LTS Cs 


wtf, 
RS 
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CODE RULES ON HIGH-VOLTAGE CONDUCTORS 


Article 710 of the NE Code covers general requirements on all circuits and 
equipment operated with more than 600 volts between conductors. Specific 
requirements on high-voltage application are covered within the articles on 
services, motors and controllers, transformers, capacitors, outside wiring, and 
other specific categories of equipment. 

1. Circuit conductors must be suitable for the voltage and conditions under 
which they are installed. They must be installed: 

A. In rigid conduit, or 

B. In raceways or ducts, or 

C. As open runs of metal armored cable suitable for the use and purpose. 

D. Where accessible to qualified persons only, open runs of nonmetallic 
sheathed cable, bare conductors or bare bus-bars may also be used. 


Woo eens 


in rigid conduit 
GENERAL WIRING 
METHODS FOR 


CONDUCTORS ‘ 7 
in approved wireway or other raceway CEN ate FEEDER SPLICES in 4160/2400-volt sys- 
= AT MORE THAN tem are made in high-voltage cable boxes 
600 VOLTS — 


with potheads with wiping sleeves, as 
shown. Cables coming into this bank of 

boxes are 3-conductor, paper insulated, — 
lead-covered, 5-kv, 300MCM in concrete- 

encased steel conduits run underground 

from a nearby switching center in the 

same basement. Cables coming from 
background are from the switching cen-— 
ter. Cables from the three potheads at 
top feed three 3-phase transformers con- — 
nected for secondary spot-network in this 

room. 


CONDUCTORS MUST 
BE SUITABLE FOR 
VOLTAGE AND 
CONDITIONS OF 
APPLICATION 


Open runs of interlocked armor cable 


NOTE: 

Article 710 does not differentiate among indoor, outdoor, overhead or underground wiring methods. 
Article 730, on outside wiring, requires all underground circuits to conform to Secs, 230-30 to 
230-34. Sec. 310-6 covers direct-burial cables. 


2. Where rubber-insulated conductors for permanent installations operate 
at voltages higher than those in Table 710-5 (given on the next page) they must 
be of a type having metallic shielding for confining their dielectric field. 


Outer jacketing of tough plastic (such as polychloroprene or polyethylene) resists oils, chemicals, 
weather, flame, corrosive fumes, abrasion, moisture. For use in air, inconduit, in underground 
duct or direct burial. Metallic shielding encloses entire length of conductor to confine 


dielectric stresses f : 
Rubber-type insulation 


Stranded copper or 
aluminum conductor 


Semi-conducting tape 
Protective tape over shield 


3. The metallic shielding or any other static voltage shields on shielded 
cable must be stripped back to a safe distance according to the circuit voltage— 
at all terminations of the shielding, as in potheads and joints. At such points, 
stress reduction must be provided by such methods as the use of potheads, 
terminators, stress cones or similar devices. And the metallic shielding tape 
must be grounded. 

4. Grounding of systems and equipment must conform with Article 250. 

5. Where necessary, a pothead or other approved means must be used 
to protect the insulation of conductors against moisture or mechanical injury 
where such conductors emerge from a metal sheath. 


connections in dry locations (or 
under 600 volts) 

3. Rubber-insulated cables are 
commonly terminated in potheads, 
but may be terminated without pot- 
heads in accordance with manufac- 
turer’s instructions. 
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4. Although many modern high- 
voltage cables can be terminated 
without potheads, many engineers 
consider potheads the best termina- 
tion for any high-voltage cable. 

5. The use of potheads offers a 
number of advantages— 


} 


ASKAREL TRANSFORMER steps 4160/ 
2400-volt primary supply to 480/277- 
volt level. Unit is set on angle-iron run- 
ners on concrete-slab floor, behind a con- 
crete retaining curb. Primary supply to 
transformer is made in rigid conduit un- 


derground. Secondary conductors are 
shown at top of transformer ‘ 


A 
NEW 
SYMBOL 
OF QUALITY 
JUST BORN INTHE 
ELECTRICAL FIELD 


—— y Vos i “Wheatland’’ trade brand | 
ath : proudly introduces a range of stand- 
j oe eI ne ard and new-design electrical products. 
| f enh SOE “Wheatland” is a reliable source: of supply .. 


geared to the wants and needs of electrical distributors. 


‘and electrical craftsmen. 


The trademark also represents. a newly 


D Se im - integrated company staffed with 
) Rep aEE Men Ie eeR ay Wnac ae men of long experience in the 
~ manufacture and sale of 


; Neleia) electrical construc: 


tion materials. 


a new ‘source. 
of supply for : 


“RACEWAY 
_ SYSTEMS 


“Wheatland” electrical products are consistently high quality, designed spe- 
cifically to satisfy the modern requirements of today’s electrical installations. 
Wheatland Rigid Steel Conduit works into the job smoothly, fishes easily 
and permanently protects the vital wiring system. 
Wheatland Underfloor Raceways are large capacity duct systems. They 
feature a simplified series of junction boxes and assembly fittings that facili- 
tate design and layout of the electrical system. Innovations will interest 
the experienced contractor. 
Wheatland Electric Products Co. invites your inquiry for further infor- Tal ole 
mation. Our organization will be happy to serve you. WHEATLAND PLANT 


Sold only through authorized electrical distributors 


WHEATLAND Electric Products Co. 


7308 CHURCH AVENUE ¢ PITTSBURGH 2, PA. 


Table 710-5 


Shielding of Rubber-Insulated Conductors 


A. Seals cable ends against 
moisture which would damage the 
insulation, 

B. Provides a compartment for 


Neutral Grounded 


Ozone- 
Resistant 
Fibrous Jacket 


Method of Installation Covered Covering 


In metallic conduit or trough above 
‘grade located indoors and in dry 


Voltage in Kv (L-L) Above which 
Shielding is Required 
Neutral Ungrounded 


surrounding the termination with 
insulating compound to increase 
strength of electrical insulation, 


Fibrous 
Covered Covering 


Ozone- C. Seals cable ends against loss 
Resistant of insulating oils, and 
Jacket D. Provides engineered sup- 


port and connections. 

6. Stress relief cones provide 
protection against insulation fail- 
ure at the terminals of shielded 


locations high vol 
gh voltage cables. Manufacturers 
: * 
Sree ea OES abt go 5 ? 5 ; of cable and cable terminators pro- 
WALT elNIe STi ok 05s Bab eli, __ vide special kits for preparing 
Underground ducts and conduits ca asa ean ae bey Wace 
and other wet locations ating at various high voltages. 
Single CONGUCHON isthe sere 2 ont 2 3 NOTE: A POTHEAD is a cable 
Multi-conductor............. 2 5 Pi 5 terminal which provides sealing 
to the sheath of the cable for 
On insulators— Not required making a moisture-proof con- 
Only multi-conductor under 5. kv 3 5 nection between the wires within 
ates the cable and those outside. 
Directly in soil— ia yes 
Single conductor. | :.0a..0 soy 3 fhe: 3 Rigid conduit is the most common 
Misi coadlicion tc ACR Tee eee fa 5 a 5% 5 raceway used for in-building distri- 


— bution of high-voltage circuits. For 


*It is presumed that installation conditions will be such as to maintain a high level of jacket 
surface resistivity and so minimize the possibility of destructive discharge. Pulling dry or the 
use of insulating type pulling lubricants will help attain these conditions. Where surface 
contamination cannot be prevented and high surface resistivity cannot be maintained, metallic 


shielding shall be used at over 3 kv. 


Note: Metallic sheathed single or 3-conductor cables require no metallic shielding for voltages 
5 ky and less. In the case of portable equipment cables it is good practice to specify shield- 


ing for all voltages above 2 kv. 


**For three single conductor cables, cabled together without overall outer covering, the value 


is 5 kv. 


outdoor runs or feeders between 
buildings, conductors are generally 
carried underground in rigid con- 
duit, either directly-buried or con- 
crete-encased, in duct, again either 
directly-buried or concrete encased, 
or as direct-burial cables. Advan- 
tages of underground installation 
are: 


AERIAL CABLE feeder around the upper part of the wall of a 
sports stadium is supplied at 13,200/7,620 volts, 3-phase, 
4-wire by four No. 2, 15-kv single conductor cables run-up 
.a wall column in 4-in. conduit from an underground run of 
4-in, concrete-encased fiber conduit. The individual conductors 
care spliced to the aerial cable conductors, Then taps are 
made from the aerial cable at 12 widely-spaced points to 
‘supply single-phase, 7620-120/240-volt distribution trans- 
formérs mounted on the wall. Each transformer supplies a 
lighting panel mounted high up on a lighting tower. A typical 
tap layout is shown at right. The No. 2 phase conductor 
from the aerial cable comes into a pothead. Connection is 


then made to a lightning arrester (bottom connected to 
ground), through a 20-amp fused distribution cutout to the 
transformer primary. 

The single-phase primary supply to the transformer is 
completed by a No. 2 bare conductor tapped from the 
grounded neutral of the aerial cable (in upper right corner of 
photo at right). This conductor is used also for grounding the 
secondary neutral, grounding of enclosures and secondary 
raceway and grounding of the lightning arrester. The conduc- 
tor is run to a made grounding electrode at the base of the 
wall. Wood-molding is used to protect the bare neutral con- 
ductor on the wall. 
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i. Accident hazards are reduced 
to a minimum. 

2. Ambient temperature is low- 
est and cable capacities are highest. 

8. Cables are not in the way if it 
is necessary to make changes above 
ground. 

The cost of underground con- 
struction is not always justified 
under these conditions: 

1. Unsuitable soil conditions. 

2. Destructive chemical ingredi- 
ents in the soil. 

38. Imminent major changes in 
plant layout. 

For underground ducts, non- 
metallic conduit encased in concrete 
is popular. Under light traffic, with 
the weight of the duct line compara- 
tively moderate, little concrete is 
needed and the top of the conduits 
need not be more than 12 to 18 in. 
below the surface, somewhat lower 
in cold climates. In stretches where 
traffic is heavy, it is necessary to 
lay the conduit deeper, possibly to 
reinforce the concrete with steel. 

All conduit runs should be laid 
so they will drain throughout the 
run (cables are always safer in dry 
ducts). Never use loops and avoid 
vertical U-turns as much as pos- 
sible. Straight runs are always 
preferable. Where bends are neces- 
sary make them with a long radius 
especially when large cable is in- 
volved. Standard bends of steel con- 
duit are hardly ever of sufficient 
radius for heavy cable because they 
were designed for smaller wires. 


Y j 


DRY-TYPE TRANSFORMER BANK rated 
4160/2400-volt primary and 120/208- 
volt secondary is mounted in a basement 


transformer room. Multiple-conductors 
are used for secondary feeder to main 
switch. Conductors are carried in over- 
head expanded metal trough. Note 
bushed holes where cables come through 
housing. Primary supply is carried along 
the wall to a point behind the three 
single-phase transformers. 
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NEC ON INSTALLATION OF LIQUID-FILLED TRANSFORMERS — 


Mounting Askarel Transformers Indoors 


1. Askarel-insulated transformers installed indoors must conform to the 
following: 
A. Units rated over 25 kva must be equipped with a pressure relief vent. 
B. Where installed in a poorly ventilated place, they must be furnished — 
with a means for absorbing any gases generated by arcing inside the 
case, or the pressure relief vent must be connected to a chimney or 
flue which will carry such gases outside the building. Fe 
C. Units rated over 15 kv must be installed in a vault. E 
f Vented to outside or gas ” 
absorber must be used 
Room with poor Za ESS 4 
ventilation+ é 
arel-cooled trans- 
A 


in excess of 25 kva 


Units rated over [5,000 volts 
must be used ina vault 


Mounting Oil-filled Transformers Indoors 


2. Oil-insulated transformers installed indoors must be installed in a vault 
constructed according to code specs, except as follows: 
A. Units rated not over 1122 kva may be used in vaults constructed of 
reinforced concrete not less than 4 in. thick. : 
B. Units not over 600 volts do not require a vault if necessary precautions — 
are taken to prevent a transformer oil fire igniting other materials and — 
the total transformer capacity in one location does not exceed 10 kva 
in combustible building construction or 75 kva in fire-resistant con- 
struction. y, 
C. Units installed in detached buildings used only for providing electric 
service do not require a code constructed vault if no fire hazard is 
created and the interior is accessible only to qualified persons. 


—Room is part of building p 


| supplied by transformer 


THIS ENCLOSURE MUST 1% 
BE A TRANSFORMER 


VAULT, AS SPECIFIED 
BY CODE 


Ou tilled: , 
-transtormer 


Mounting Oil-filled Transformers Outdoors 


3. Oil-insulated transformers installed outdoors must be installed as follows: 


: 

Combustible material, combustible buildings and parts of buildings, fire 
escapes, door and window openings must be protected from fires originating 
in oil-insulated transformers installed on, attached to or adjacent to a — 
building or combustible material. Space separation, fire-resistant barriers 
and enclosures which will confine the oil of a ruptured transformer tank are 
recognized safeguards, and one or more of such safeguards must be used, 
according to the degree of hazard, where the transformer installation — 
presents a fire hazard. . 

Oil enclosures may consist of fire-resistant dikes, curbed areas or basins — 
or trenches filled with coarse crushed stone. / | 


! 


7 pace separation is a safeguard 


on top of the building or attached to it) 


, Concrete curbed mat forms enclosure 
to contain oil in case of leak 


/ : 
ye Oil-filled transformer adjacent to building 
i (or f 

3 
i 
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WEAVER 


Six Standard Kits Cover 


Most Installations 


These Weaver Mast Kits provide 
everything needed for low roof 
service entrance installation ex- 
cept the conduit. All parts are 
designed for easy installation 
without tools. Six standard kits 
cover most installations or, on 
request, Weaver will pack special 
kits. Individual items may, of 
course, be ordered to meet local 


requirements. 


Ask your Electrical Wholesaler 
for WEAVER Mast Kits 


Sac0e 


2110 Howard Street 


DUAL-GRIP 
HEAD 
Clamps on pipe with 
two screws... no 
threading necessary. 


INSULATOR 


All porcelain insulator 
with exclusive snap-on 
action cuts installation 
time, 


STORM 
COLLAR 
Neoprene storm collar 
eliminates caulking... 
assures lifetime protec- 

tion against leaks. 


FLASH PLATE 


Supports mast and 
serves as flashing. 


PIPE SUPPORT 


Fastens conduit securely to 
masonry... one piece con- 
struction. 


OFFSET 
REDUCER 


Made of high-strength cast 
aluminum... assures positive 
grounding. 


° St. Lovis 6, Mo, * GaArfield 1-6336 
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ame_PANELBOARD 


seman 


COMBINES Both 


IGHTING AND POWER 
LOADS! 


100 AMP 

through 
600 AMP 
MAINS 


e Why waste time, space and money by installing separate 
lighting and power panelboards? Square D now makes it easy 
to combine 120 and 240 volt lighting and power loads up to 
100 amperes, into one panel. Equally important, thanks to 
plug-in design and a complete range of circuit breakers (at 
right), you can get a real heavy duty industrial type panel- 
board with exactly the circuits you need — right out of your 
Square D distributor’s stock*... Weé¢e for the complete story. - Si 
Address Square D Company, 160] Mercer Road, Lexington, Kentucky ao ba ao at at 


4 1-POLE 2-POLE 3-POLE 2-POLE 3-POLE 
*NQO (plug-in) and NQOB (bolted connection) panelboards 15-50 15-70 15-50 70-100 79-100 


are also available factory-assembled for shipment direct to the job AOE Aree Amp Ame “aby 


SQUARE Jj) COMPANY 


wherever electricity is distributed and controlled 
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CODE RULES ON CONSTRUCTING 
TRANSFORMER VAULTS 


(For use with oil-filled transformers at any voltage 
and other transformers when rated over 15,000 volts) 


1. Wherever practicable, a vault must be located where 
it can be ventilated to the outside air without using 
flues or ducts. 


Readily vented to outside 
without flues or ducts 
(where practicable) 


Walls and roof: Thickness 
@® 6-in. reinforced concrete, or 
@) 8-in. brick, or 
@® 12-in. hollow, load-bearing 
tile or blocks—with inside coating 
of 3/4-in. thick cement or 
AW gysum plaster 


Approved Class A door 
with lock to exclude 
unqualified persons 


g 


ZZZ72277 77 III PI 


g 
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b 
ae 
A 
g 
4 
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4) 

ys y 


“ys — 4! 
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Min. floor thickness: 4-in. concrete 


Door sill or curb to contain 
transformer oil—min. of 4 inches 


2. Walls and roofs of vaults must be made of rein- 
forced concrete not less than 6 in. thick, masonry ot 
brick not less than 8 in. thick, 12-in. load-bearing 
hollow tile or 12-in. load-bearing hollow concrete 
building units. Inside wall and roof surfaces of 
vaults constructed of hollow tile or hollow concrete 
building units must have a coating of cement or 
gypsum plaster not less than 34-in. thick. 

3. A vault must have a concrete floor not less than 
4 in. thick. 

4. Building walls and floors which meet the above re- 
quirements may serve for the floor, roof, and/or 
walls of the vault. 

5. Other forms of fire-resistive construction are also 
acceptable provided they have adequate structural 
strength for the conditions and a minimum fire re- 
sistance of two and one half hours. The inspection 
authority will determine the acceptability of the 
quality of material used in vault construction. 

6. Each vault doorway must be provided with a tight- 
fitting door of a type approved for Class A openings, 

, “NFPA Standard for Protection of Openings in Walls 
and Partitions Against Fire” No. 80. Doors for such 
openings have a fire protection rating of three 
hours. Such doors must be of the type approved by 
a recognized testing and inspection agency or be 
otherwise acceptable. The code-enforcing authority 
may require such a door on each side of the wall. 


Transformers 


Transformers for high-voltage 
systems are set and connected 
either as units by themselves or in 


7. Each doorway must have a door sill or curb of 
sufficient height to confine within the vault the oil 
from the largest transformer, but this sill must not be 
less than 4 in. high. 

8. Vault doors must be equipped with locks and must 
be kept locked, with access allowed only to qualified 
personnel. Locks and latches must permit ready and 
quick opening of doors from the inside of the vault. 

9. Ventilation in a vault must be adequate to prevent 
a transformer temperature in excess of that pre- 
scribed in the ASA Standard for Transformers. 


Net area of vent openings, 
after deducting for screens 
and grates — 

min. 3sq.in. per kva of 
transformer capacity 

or | sq. ft. for capacity 
less than 50 kva 


POOR 
PKs 


RO 
BXXKROCY 


Vault ventilated 
without flues or ducts 


10. Where used, vault ventilation openings must be lo- 
cated as far away as possible from doors, windows, 
fire escapes and combustible material. Section 
450-45 covers arrangement, size and covering of 
ventilation openings and installation of dampers 
and ducts. 

11. Where practicable, a vault containing more than 
100 kva of transformer capacity must be provided 
with a drain or other means for carrying off any 
accumulation of oil or water in the vault, with the 
floor pitched to the drain. 


Where practicable, vaults with more than 
100 kva transformer capacity must have— 


Drain for water or 


Floor pitched 
i oil accumulations 


to drain 


4g 


Ns SASASSSSSSSSS SY 


12. Non-electrical pipes or ducts should not enter a 
transformer vault. Piping for fire protection or for 
water-cooled transformers is considered part of the 
electrical installation. Where non-electrical piping 
or duct systems must be run in a vault, care should 
be taken to exclude from the vault devices in the 
piping or duct which do require regular maintenance. 
And care must be taken to avoid possible trouble 
from condensation, leaks and breaks in such piping. 

13. Transformer vaults must not be used as storage 
areas. 


Table 710-38 Working Space 


Minimum Clear Space Adjacent to Live Parts 


Minimum Horizontal Clearance 
of Unguarded Parts 


combination with switching and Voltage Between: Phases fect tnenies 
protection in unit substations. Open 601 3 2 
and sealed dry-type transformers 2.300 3 3 
are commonly used for systems up 6,600 3 4 
to 15 ky. Oil-filled or. askarel-filled 11,000 3 6 
units, offer advantages for outdoor 22,000 3 7, 
application and in some indoor uses. 33,000 4 0 
Installation requirements of the 44,000 4 4 
| NE Code are shown for liquid-filled 66 ,000 4 " 
_ transformers and for transformer 88 ,000 5 6 
vaults. All instructions of the 110,000 6 1 
manufacturer should be carefully 132,000 6 8 


followed. 


Note: Interpolate for intermediate values. 
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THE INSIDE STORY... 


aa VIVO UINEAIN TILLY 


CLAMPMATIC SPRING 


MOVABLE CONTACT SLUG 


CENTER INSULATING BARRIER 


STATIONARY LOAD SIDE JAW 


STATIONARY LINE SIDE JAW 


Why switches last longer with clamped 
pressure contact and Vacu-Break arc control 


This BullDog Vacu-Break® Switch Head is 
the reason why Vacu-Break switches stay in 
action longer. 


See how the unique Clampmatic® spring <» / 
clamps the contact slug firmly between the yy ( 
line and load jaws . . . provides a virtual ' 
bolt-tight connection! This clamped pressure contact pre- 
vents overheating while in the “‘on”’ position—and as the 
switch moves to “off,” the spring speeds the break. Both 
features mean longer switch life for your customers. 


Equally important to longer switch life is the action of 
the Vacu-Break head. Arc chambers enclose the switching 
contacts. When contacts are broken under load, arcs are 
smothered quickly. Pitting and burning are cut to the 
absolute minimum, thereby minimizing maintenance. 


BullDog Electric Products Division, I-T-E Circuit Breaker 
Company, Box 177, Detroit 32, Michigan. In Canada: 
80 Clayson Rd., Toronto 15, Ont. Export Division: 13 
East 40th St., New York 16, N. Y. 


For Safety’s Sake Buy Vacu-Break 


BULLDOG ELECTRIC PRODUCTS DIVISION 
hr 1-T-E CIRCUIT BREAKER COMPANY 


Vacu-Break switch units with clamped pressure con- 
tacts are available in BullDog Safety Switches, 
Switchboards, Vacu-Break Power Panels and Bus 
Plugs. They cost no more and give your customers 
the maximum in safety and performance. See your 
BullDog distributor. 


Signals and 
Communications 


NSTALLATIONS of systems for Protection Association has a special 

alarms, signals and communica- code for fire alarms—“NFPA Code 

tions vary widely in methods and 172, Standards for the Installation, 
techniques. Many of the wiring Maintenance and Use of Proprie- 
methods involve special types of tary, Auxiliary, Remote Station and 
conductors, cables, boxes and con- Local Protective Signaling Sys- 
nectors which are specifically made tems, including Local or Isolated 
for such application. Other phases Systems for Watchman, Fire Alarm 
of signal wiring are generally sim- and Supervisory Service.” 
ilar to power and light wiring. 


Care should always be taken to fol- Input Leads 
low manufacturer’s instructions on 
iring such equipment. It is important to understand 


Typical circuits and systems that most of the wires, cables and 
which come under accompanying connectors employed for signal 
20de rules include: door chimes and work have been specially designed 
signals, intercom systems, sound and constructed for this specialized 
listribution systems, fire alarm sys- type of service and that cables and 
‘ems, television antenna systems connectors commonly used in power 
(NEC Article 810), paging systems and light wiring are generally un- 
(lamp annunciators, coded systems, satisfactory for sound work and may 
7oice systems), clock and program’ result in troublesome operation. 
systems, nurse-call systems (doc- For example, standard armored 
or’s-call, etc.). It should be noted, cable — which literally qualifies 
however, that the National Fire as a 2-conductor metallic-shielded 


Pe Ye e7, io, mh rena scouts S 4 i 4 « ei 
POWER AMPLIFIERS for a’ very extensive, high power sound system are racked in 
entilated sheet steel enclosures on U-channel secured to the wall. The ac supply to 
each amplifier is made by cord and plug connection to a convenience receptacle in 
a handy box in each enclosure. Signal input and output circuits for each amplifier 
are also made by suitable separable, connectors in handy boxes. The ac supplies are 
carried up from below in conduit. The input and output circuits are carried separately 
p in conduit to separate wireways for runs to microphone and other input locations 
and to line-matching transformers for system loudspeakers, This mounting provides 
ready removal of any amplifier for servicing and affords instant replacement of 
defective units. Signal input lines are conventional low-impedance cables, each a 
ingle twisted pair with a braided shield. Output lines are unshielded twisted pairs. 


“ Bi 


Industrial © Rome Synthinol 901 building wire 
—600 volts, Type TW. Polyvinyl chloride insula- 
tion, approved by U/L for use in wet or dry 
locations at 60 C. Also available for appliance 
use at 80, 90, or 105 C, depending on wire size. 
Synthinol 901 was used extensively for the low- 
voltage wiring in the plant shown here, for its 
Proven resistance to moisture—in addition to 
its resistance to heat, oils and corrosives. These 
low-voltage applications include not only con- 
trol circuits but also the general wiring of office 
and warehouse buildings and mill equipment. 
Also ideal for low-voltage circuits in refineries, 
chemical plants, other industrial plants where 
electrical wiring is exposed to extreme moisture 
or corrosives. For high-voltage industrial use, 
Rozone A (butyl) insulation is recommended, 


Commercial © Rome's FlexAll Type UF—600 
volts, nonmetallic jacket. Insulated and jacketed 
with Rome Synthinol polyvinyl chloride com- 
pound. In commercial applications—such as the 
laundry shown here—FlexAll provides positive 
protection against drizzling moisture, strong de- 
tergents, acids or alkalies. Cost is low. Corrosion 
resistance is high. Also widely used for under- 
ground between-building wiring; farm, indus- 
trial and residential yard lighting; livestock 
buildings and packing houses; and for brewer- 
ies, cold storage and ice plants. Available in 
single-, two-, or three-conductor construction. 
Meets NEC requirements for direct-in-earth bur- 
ial and interior wiring in wet or dry locations. 


‘Commercial 


Residential © Rome Type SE, Style U, Ser: 
Entrance Cables can be used for long life 
high weather resistance in residential appl 
tions like the one shown here, NEC recog 
the use of this wire for attachment to the s” 
of the building from the weatherhead to m 
equipment. Conductors are insulated wit 
heat- and moisture-resistant RHW_ insulati, 
The insulated conductors are then given 
over-all covering for mechanical protection. 
appropriate neutral conductor is applied o) 
centrically over the insulated conductors 
is covered with a protective weather- and mi 
ture-resistant tape. The final covering con j 
of a combined pre-saturated cotton and 9) 
yarn braid with a gray flame- and weatlt 
resistant finish. You can paint it to match 
house. Mail this couponl 


ien insulated wire is exposed to water, it’s not how it looks but how it works 

t determines its moisture resistance. 

ctrical stability of the system may be seriously impaired by water that has penetrated 
insulation, causing dielectric losses. This can happen long before 

t actually see any damage being done. 

Rome Cable, work constantly goes on toward developing better compounds fo1 
isture-resistant insulations. Innumerable scientifically accelerated tests are conducted— 
1e last from 2 to 5 years—to determine the electrical stability of new insulations. 


e greater the moisture resistance of an insulation, the less electrical properties 


ROME CABLE 
DIVISION OF ALCOA 


Department 7-50, Rome, New York 
CI Please send me more information on the above. 


eriorate from long immersion in water. 
2 results of these tests have aided the 


elopment of the building wires shown at the 
WHO’S 
DEDICATED 
TO YOUR JOB 
YOUR 

ROME CABLE 
SALESMAN 


. Rome recommends them to you as ideally 


ted for use in industrial, commercial and 


COM DAT Verner sarccovatanasbepe she racscomnictaccoonseanteniatonersyosee! 


dential wiring where moisture is a problem. 
Street 


il this coupon! 


Re ADE GLEE Saas cee eel 
z 


This is 


NATIONAL 


ELECTRIC 


TWINDUCT — 


... the most 


attractive | a 
high-low potential — 
surface 


ha 


raceway 
yy 


Neat, modern-looking ““Twinduct” Surface Raceway 
provides both high and low potential service under a 
single cover. Recessed, or surface-mounted ‘“T'win- 
duct” is the most attractive surface raceway for pro- 
viding complete electrical services in office buildings, 
apartments and other commercial buildings. 
“Twinduct” is not only attractive, but easy to 
install; offers large, unobstructed wiring areas; and 
has 4%” and %4"’ knockouts and mounting holes on 


J, . 


15” centers. Wires are simply “‘laid in,”’ secured with 
twist-in steel bridges, and the cover screwed on—fast 
and easy installation. 

“Twinduct” is but one of a complete system of 
National Electric “lay in’’ surface raceways which 
fit every electrical application involving loads from 
15 to 60 amps. For complete information, write to 
National Electric Division, H. K. Porter Company, 
Inc., Porter Building, Pittsburgh 19, Pa. 


NATIONAL ELECTRIC DIVISION I) ) A H.K.PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equipment, electrical wire and cable, wiring 
systems, motors, fans, blowers, specialty alloys, paints, refractories, tools, forgings and pipe fittings, roll formings and stampings, wire rope and strand. 
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CODE RULES ON P. A. AND OTHER SOUND SYSTEMS 


ARTICLE 640—Covers sound recording and reproduc- 
tion, centralized distribution of sound, public address, 
speech input systems and electronic organs. Specific 
provisions are as follows: 

1. Power supply connections from the equipment to the 
building wiring system and between equipment must com- 


ply with rules on general purpose power and light wiring. 
2. Wiring and equipment for P.A., speech input, radio- 
freqency and audio frequency systems and amplifying 
equipment associated with radio-receiving stations in 
centralized distribution systems must comply with Article 
725. 


Panelboard 


General power wiring 
for supply circuits 
and connections 


? 


Convenience 
receptacles 


2 Power 
cord 
connections 


Amplifying 
equipment 
le 
Microphones ; 
Signal Input Tone 
And Output generator 
Circuits In 
Accordance 
With NEC 
Article 725 On 
Signal Circuits 
speakers 
in baffles 
Industrial 
id 5 i horn or trumpet 
Line-matching speakers 


transformers 


3. Wireways and auxiliary gutters may be used with 
conductor occupancy up to 75% of cross section area, 
and! may be used in concealed places where run in 
straight lines between wiring boxes. 
number of 


75% 


eccupy 7D 


Any ;0UNC system wires may 


of area of wireway or gutter 


4. Equipment must be located or protected to guard 
against physical damage which might create a hazard 


5. Amplifier output circuits rated not over 70 volts, 
with open circuit voltage not over 100 volts may use 
Class 2 wiring as set forth in Article 725. 


Output 
terminals 


Output } 
circult 


May be wired as 
Class 2 signal system 


to life or property. 


assembly—is not electrically the 
same as a low impedance micro- 
phone cable which also is literally a 
2-conductor metallic-shielded as- 
sembly. Microphone cables (high 
or low impedance) are carefully de- 
signed and constructed to insure 
very low capacitance per running 
foot so that the higher frequencies 
‘of the audio signal will not be at- 
tenuated. Microphone cables are 
-also much more flexible than power 
and light cable assemblies and are 
far easier to handle and install. 
Standard thin wall conduit is 
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used for running input cable. Con- 
duit or fiber duct should be used for 
running cables in concrete. Where 
severe climatic conditions prevail or 
where the conduit may be exposed 
to dampness or corrosive conditions, 
care should be taken that the con- 
duit used has the proper character- 
istics to protect the cable. And 
where necessary, conduit runs 
should be provided with plugs or 
weep outlets at low points to allow 
escape of moisture which might col- 
lect in the conduit. 

Although rubber-covered cables 


may be pulled through conduit and 
are widely used, cables with plastic 
jackets are easier to pull and there- 
fore preferred. To simplify the job, 
the installer may use a standard 
pulling lubricant. Unfortunately, 
all too frequently electrical con- 
tractors will attempt to pull too 
many cables through a conduit with 
several bends and, by exerting too 
much force on the cables, will cause 
intermittent breaks and_ shorts 
which require considerable time and 
money to correct. Shielded cables 
with cotton conductor insulation 
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Wheeler-Fullerton and G. E. team up to produce 


Home stretchat Russ Murray's Raynham Park, Raynham, Mass. 


(unretouched photograph) 
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ARTICLE 725—Covers, among other things, signal cir- 
cuits. A signal circuit is defined as any electrical circuit 
which supplies energy to an appliance which gives a 


CODE RULES ON SIGNAL CIRCUITS 


recognizable signal. Such circuits include those for door 
bells, buzzers, code-calling systems, signal lights and 
the like. 


There are two classifications of signal circuit systems: 

1. Class 1 systems—those in which the power is not 
limited as it is for Class 2 systems. 

2. Class 2 systems—those in which power is limited ac- 
cording to maximum open-circuit voltage and maximum 
current rating of overcurrent protection as follows: 

’ A. Max. 15 volts, 5 amps. 

B. Max. 30 volts, 3.2 amps. 

C. Max. 60 volts, 1.6 amps. 

(In any of the three foregoing cases, overcurrent protec- 
tion may be omitted where the current supply is from a 
transformer or other device having energy limiting char- 
acteristics and approved for the purpose, or from primary 
batteries.) 

D. Max. 150 volts, 1 amp—provided that such circuits are 
equipped with current-limiting means other than over- 
current protection which will limit the current as a result 
of a fault to not more than one amp. 


Properly rated max. Primary battery 
overcurrent protection [i circuits up 
to 30 volts 


Load Load 


Supply 


Open-circuit voltage 
not in excess of 60 volts 


Overcurrent 
[sstection rated 
(< over | amp 


a mac 


Open —circuit 
volfage between 
60 and 150 volts 


Approved transformer 
with energy-limiting effect 


Supply 3| 


Transformer (or resistor or reactor) limits 
current to not more than | amp on system fault 


Overcurrent protection for Class 2 systems must be ap- 
proved for the purpose. 


A transformer supplying a Class 2 system must be ap- 
proved for the purpose and be restricted in rated output 
to not more than 100-volt-amperes. 


Transformer 
approved for the purpose 


Rated output 
Sec. ? not more than 
100 volt-amperes 


000000 


should never be used for carrying 
the input signals through conduit 
since moisture gets in easily and 
will almost always lead to trouble. 


Output Leads 


Those cables which are run from 
the output taps on an amplifier to 
system loudspeakers (either di- 
rectly or through line matching 
transformers) are usually called 
“output leads.’’ Such wiring is not 
usually susceptible to interference 
from power or signal circuits and 
does not ordinarily require the 
shielded conductors used with mi- 
crophones. In some special sound 
installations—as in a school system 
where the classroom loudspeaker is 
often employed for intercom pur- 
poses—the loudspeaker line may 
have to be shielded. In the latter 
case a shielded single twisted pair 
cable may be used: In multi-chan- 
nel sound systems installed in ho- 
tels and hospitals it is also standard 
practice to use shielded twisted 
pair speaker lines to prevent cross 
talk (transfer of a signal from one 
line into an adjacent line). In the 
majority of speaker hookups, how- 
ever, an unshielded single twisted 


pair cable with an outer cover of 
cotton braid or vinyl! plastic is gen- 
erally used. Where cross talk is no 
problem, any two conductors (e.g., 
zip cord) will do the job. 

The use of conduit for running 
loudspeaker wires may be either 


required or recommended, depend- 
ing upon the conditions which pre- 
vail. In cases where protection is 
needed, over and above the protec- 
tion afforded by the insulation on 
the cable, it is recommended that 
conduits be used. Thin-wall conduit 


TYPICAL CONSOLE for school sound system incorporates power supply, basic ampli- 
fying equipment, FM-AM radio tuner, record player and tape recorder in the drawers, 
complete controls, a monitor speaker and area selector switches for sound distribu- 
tion to individual classrooms or other areas of the building. The complete unit is 


packaged in a desk-type console and located in a small, 


adjacent to the principal’s office. 
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Pre-wired 
raceway 


: 
. 
’ 


Pre-wired 
motor starter 


This is one of two complete free-standing motor starter and control rack assemblies 

recently built by Killark for a large midwest refinery. Each rack holds fifteen combination 

motor starters. Both racks are completely pre-wired and pre-sealed according to latest provisions 
for installation in hazardous locations, and are joined by a pre-fabricated wireway. Adequate flanges 
have been allowed for mounting. 


KILLARK CUSTOM-MADE SWITCH RACKS 


Your worries are over from the moment you choose Killark cus- 
tom-made switch racks because Killark provides a complete 
service—design to assembly. First, Killark prepares and submits | 
a preliminary blueprint of the entire unit, drawn to your speci- 
fications. After approval, the switch rack is assembled, wired, 
and sealed at the factory by Killark workers with experience and 


equipment to do the job right. You receive a switch rack ready 


to install. 


| 


Racks for indoor or outdoor, 
hazardous or non-hazardous 
areas. Write for complete 
literature. 


ELECTRIC MANUFACTURING COMPANY, | 
Vandeventer and Easton Ave. « St. Louis 18, Missourt (3 
In Canada: Killark Electric of Canada Ltd. + 421 Islington Ave. South + Toronto, nt. 
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The flexibility and years of experience are Killark features that can readily be seen 
in this custom-made rack. Notice how open rack space and an extra gutter box have 
been provided for expected future expansion. Killark's rust-proof, non-sparking 
aluminum enclosures have been used throughout the assembly. 


designed and built for your exact needs 


CHECK THESE ADVANTAGES OF KILLARK CUSTOM-MADE RACKS: 
Y You get convenience because you work with one supplier, place one order, pay one price. 


“A You get dependable performance of Killark aluminum enclosures—circuit breakers, 
motor starters, disconnect switches, panel boards—all newly designed according to 
field tests and user surveys. Your aluminum enclosures are non-magnetic, non-corrosive, 
front operated. Rectangular shapes provide compact installation, easy maintenance. 
Components are ribbed for greater strength and faster heat dissipation which is so im- 
portant to the accurate operation of thermal devices. Machined surfaces give tighter fit. ; 


Y You get the services of Killark engineers who are expert switch rack designers. 
Va You get a completely integrated unit. Components are of correct capacity. 

Y You get fast delivery. No delay awaiting parts from various suppliers. 

Y You get ease of installation. Your switch rack is ready to connect. 


Next time you require a switch rack, investigate this new Killark service. You’ll find 
that Killark custom-made switch racks can save you time, worry, and money. 


Killark supplies everything but the current! 
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Now you can insure that your indoor mer- 
cury lighting installation will start and 
keep going even when temperatures slip 
far below zero. No longer is it necessary to 
use special, premium-priced indoor trans- 
formers or the still more costly weather- 
proof outdoor type for low temperature 
indoor installations. Sola’s new standard 
line of indoor constant-wattage mercury 
lamp transformers keeps H-1, H-25, and 
H-33 lamps working down to minus 20°F. 


Two-lamp and single lamp units are both | 


available for these input voltages: 115, 
208, 230, 277, 460, and 575. 'They are ideal 
for shed, dock and warehouse installations 
as well as indoor remote mounting to serve 
outdoor mercury circuits. — 


These indoor transformers have new, 
lighter-weight core and coil construction 
for easier handling. Long leads and twelve 
knockouts in the new-designed case permit 
quick and easy connection. The case is 
liberally perforated for plenty of air cir- 
culation around the core and capacitors 


- to give cool, trouble-free operation. 


Listed by Underwriters Laboratories, 
the new indoor transformers incorporate 
the well-known Sola constant-wattage cir- 
cuit which gives you these performance 
benefits: 


Low starting current—limits current dur- 
ing warm-up, eliminates need for heavy 
wiring and time-delay relays, and per- 
mits more lamps to operate on the 
lighting circuit. 

Maintained light output — holds lumen 
output constant within +1% for line 
voltage changes as great as +13%. 


Open and short circuit protection — pre- 
vents transformer and wiring from 
overheating. 


Insures rated lamp life — reduces pre- 
mature lamp failure by providing stable 
operating conditions. 

No dropout when line voltage dips — 
eliminates lamp dropout even when 
voltage dips 30% from nominal. 


For information, write for Bulletin MVI 


A DIVISION OF 
BASIC PRODUCTS CORPORATION 


SOLA ELECTRIC CO., 4633 W. 16th ST., CHICAGO 50 
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NEC: CLASS 1 SIGNAL SYSTEMS 


1. In general, wiring of Class 1 signal systems must be 
the same as general-purpose power and light wiring. 

2. Conductors are generally limited to minimum of No. 
14 but No. 18 or No. 16 may be used if installed in 
raceway or approved cable or flexible cord and pro- 
tected at not more than 20 amps. 

3. Wires larger than No. 16 must be Type R, T or other 
approved type. Fixed No. 18 or No. 16 must have insu- 
lation at least equal to type RF-2 or TF. Other conduc- 
tors with specific approval for the purpose may be used. 
A. The number of signal circuit conductors in a raceway 
“may be determined from Table 1, Chapter 9. 


Conduit or EMT Number of conductors 
Um per Toth |, Chopter 9 


no derating for occupancy 


§. Signal circuit conductors do not have to be derated 
according to number in a raceway. 

6. When signal conductors are run in raceway with 
power and light conductors, all conductors must be de- 
rated in accordance with note 8 of Tables 310-12 through 
310-15—determining the de-rating factor on the basis 
of the number of power and light conductors only. 


7. Conductors for two or more Class 1 signal circuits 
may be run in the same raceway—ac and/or de circuits— 
if all conductors are insulated for the maximum voltage 
of any conductor in the raceway. 


{Class | conductors 
Enclosure or raceway 


Class | and Class 2 — 
circuits in common raceway 


t Class 2 signal conductors 
insulated and installed as 
Class | conductors 


Class | 


—Power supply 
Signal wires 


conductors-AC or 
DC (B+ or filament 
supply) 


Class | and 
power supply in 
common raceway 


Both types of conductors 
supply same equipment in 
enclosure 


8. Conductors must be protected against overcurrent in 
accordance with their current-carrying capacities from 
Tables 310-12 through 310-15. 


NEC: CLASS 2 SIGNAL SYSTEMS 


1. Conductors and equipment on the line side of devices 
supplying Class 2 systems must conform to rules for gen- 
eral power and light wiring. 

2. Class 2 conductors must be insulated and must be 
separated from conductors of electric light and power 
circuits as follows: 


Sn 001s 2 conductor must have 


insulation suitable for the 
application 


A. Open conductors must be separated at least 2 in. 
from power and light conductors not in a raceway, unless 
separated by a continuous and firmly-fixed non-con- 
ductor. 


Light or power conductors not in 
raceway: 


Class 2 
signal wires — 


Min 2 in 


Open wiring 
Concealed knob-and-tube 


B. Class 2 conductors must not be used in any raceway, 
compartment, outlet box or similar fitting with light and 
power conductor or with Class 1 signal or control con- 
ductors, unless the conductors of the different systems 


are separated by a partition. But this does not apply 
to wires in outlet boxes or similar fittings or devices where 
power supply conductors are introduced solely for sup- 
plying power to the signal equipment to which the other 
conductors in the enclosure are connected. 


Light and power circuits or 
Gloss | circuits in one part of 
raceway 


“Raceway has infernal partition 


Class 2 signal circuits in partitioned 
section 


C. In shafts, conductors must be separated at least 2 in. 
from power and light conductors or the conductors of 
either system must be encased in non-combustible tubing. 
D. In hoistways, conductors must be installed in rigid 
conduit or EMT, except as provided for elevators in 
Article 620. 

E. Conductors run vertically in a shaft or partition must 
have fire-resistant covering capable of preventing the 
carrying of fire from floor to floor except where conduc- 
tors are encased in non-combustible material or located 
in a fireproof shaft with fire stops at each floor. 


identification of each twisted pair. 


is usually satisfactory but heavy 
wall conduit is indicated where 
severe climatic or corrosive atmos- 
pheric conditions prevail. Infre- 
quently, lead-covered cable is used 
in extremely damp locations (i.e., 
speaker lines run underground) to 
provide maximum protection, Loud- 
speaker cables may be run in venti- 
lation or air ducts or closely fitted 
to wall molding. Connections at the 
loudspeaker end (at line matching 
transformer) are made by soldering 
to lugs. 


General Installation Tips 


1. Never use acid core solder. 
Resin core solder is recommended. 

2. Do not attempt to force too 
many cables through a conduit. 

3. Always ground amplifier, con- 
sole or cabinet rack. 

4. Do not run speaker and micro- 
phone lines in the same conduit. 
Never run either of these in the 
same conduit with power cables. 

5. Label speaker cables before 
pulling through conduits for easy 


6. Do not use ac-type plug out- 
lets where specially designed micro- 
phone connectors are indicated. 

7. When splicing shielded cable, 
make certain that shield is continu- 
ous and soldered at the joints. 

8. When soldering conductors 
with vinyl insulation (to connectors 
or lugs) avoid excessive heat. 

9. When loudspeaker cables are 
run over very great distances, care- 
fully determine required copper di- 
ameter of conductor. 
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Edward Goldkuhl, owner; Don Hartman, Westinghouse sales engineer; Fred Bertetta, 


owner; Spence Pors, Westinghouse Electric Supply Company sales representative: 
To the right, one of 40 Westinghouse EP dry-type transformers serving over 350 trailers. 


Treasure Island Trailer Court occupies 1734 acres at Colma, California, 15 minutes 
from San Francisco. In addition to basic service to 350 mobile homes, the new 
distribution system powers 3 laundries and 171 street lights within the area. 
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TRANSFORMER SILENCE IS GOLDEN 
AT TREASURE ISLAND TRAILER COURT 


“Westinghouse dry-type transformers virtually eliminate 
noise, fire hazard,” states owner Fred Bertetta 


“We chose the Westinghouse 
pause Wa dry-type EP transformers 

ISLAND for several important rea- 
sons,”’ continues Mr. Ber- 


TRAILER tetta. ‘““The continual hum 
COURT characteristic of ordinary 


transformers would be ex- 
tremely irritating when 
placed as close to living quarters as these, in a 
trailer camp, have to be. Westinghouse has 
almost completely eliminated noise . .. you 
can’t hear a thing, even when you put your ear 
right up against the equipment. 

“Second, Westinghouse dry-type units—and 
there are 40 of them here—don’t present a fire 
hazard. Where people are living close together, 
that’s especially important. Third, the ease of 
installation and the service Westinghouse pro- 
vides influenced our decision. We’ve had trou- 
ble-free equipment since the system was in- 
stalled in 1957. . . yet we know we could have 
a replacement transformer within the hour, day 
or night, by calling the Westinghouse sales 
representative here.” 


Just outside San Francisco, Treasure Island 
Trailer Court provides space for 356 mobile 
homes. Power requirements for each home have 
grown five times since the Court’s establish- 
ment in 1948. Electric heating, stoves, washers, 
air conditioning, additional lighting now de- 
mand 35-ampere, 120/240-volt, three-wire serv- 
ice. 480-volt primary current is now brought 
directly to 40 locations and stepped down with 
Westinghouse 10-kva EP transformers. All ex- 
penses paid—installation and maintenance costs 
paid in advance by reduced power rates realized 
in purchasing power at 480 v—vs—120/240 v. 
Plus continued savings with improved regula- 
tion—improved service. 

Westinghouse dry-type transformers are per- 
forming similar services in modern commercial 
and industrial applications everywhere, and do- 
ing it efficiently, safely, quietly ... quietly... 
quietly. Perhaps they can serve you—find out 
from your Westinghouse representative. Or 
write Westinghouse Electric Corporation, P.O. 
Box 868, Pittsburgh 30, Pennsylvania.  J-70940 


you CAN BE SURE...1F irs \ Vestinghouse 


WESTINGHOUSE DS-3 TRANSFORMERS—JUST A WHISPER AWAY FROM SILENCE 
WATCH "WESTINGHOUSE LUCILLE BALL-DESI ARNAZ SHOWS" CBS-TV ALTERNATE FRIDAYS 


Three DS-3 480-volt to 120/240-volt dry-type transform- 
ers. Mr. Hartman points out that this unit operates at 
a sound level below 45 decibels—at least 15 decibels below 
NEMA standards. One important reason is that the core- 
coil assembly floats on a built-in mechanical vibration 
damping system, independent of case, base and connect- 


La 


ing conduit. Beyond that, only Westinghouse sound level 


| 


tests all dry-type transformers. Only Westinghouse per- 
forms these vital tests at an ambient of 24 decibels. 
Maximum temperature rise—case, 35°C. Terminal com- 


partment, 5°C above ambient. 
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PEARL EMOTE AE BONIS 6 EIEN 


Checity 


‘McGILL ‘switche: 


...for guaranteed precision plus durability 


The high standards of design, 

craftsmanship and material selec- 
tion make it possible to guarantee 
No. 41 LEVOLIER switch uncon- | 
ditionally against failure in light- — 
ing circuits. This extra quality is 
reflected in the performance of all — 
LEVOLIER switches. 


It pays to specify the best to avoid 
frequent and costly replacement. 
LEVOLIER canopy, toggle, push 
button and momentary contact 
switches are recognized for their 
reliability and long life. 


All are Underwriters’ Laborato 
ries inspected. \ 


UNCONDITIONALLY GUARANTEED No, 41 single-pole, 
single-elreult, universal lever switch 6 amp. “'T’ 125V-—3 
amp, 250V, Only %" thick, it is ideal for conduit box and 
canopy mounting for lighting and FHP motor control. 


No. 100 single-pole, 15 amp, 125-250V, 
1 HP 120-240V AC, normally “OFF” 
momentary contact switch, 1 amp., 
125V-—14 amp,, 250V DC, Especially 
suitable for limit and safety control 
Of industrial machinery, 


No, 71 single-pole, single cir- 
cuit, universal lever switch 
No, 1901, Basic 30 amp, momen- . . . the thinnest 6 amp. “T” 
tary contact switch rated 30 amp. 125V—3 amp. 250V switch 
125 or 250 V AC, 1 HP 125 V_ of its kind on the market to- 
—2 HP 250 V AC, 2A 125 V— day — onl 15/32” thick 
4A 250 V DC, Available SPST ve ‘ “af ware eae 
NO or NC, SPDT and SPST 2 } “#80 with push button. 


/ 


ckt, with six standard actuators, 
Size 1.876” x .812" x 500”. 


For complete descriptions of the entire McGILL line of 
No. 9034, HP capacity, 15 switches, sockets, portable lampguards and other elec: 
trical specialties, write for catalog No. 84. 


No, 28toggle switch car: amp, 125V, 10 amp. 250V 

ries a6 amp, “T" 125V, — PoRsle switch with an AVAILABLE FROM YOUR ELECTRICAL WHOLESALER 
Samp, 250V vating with S.P.S.T, mechanism, De- 

an SPST, double-break Signed for AC operation, engineered electrical products = — 
mechanism, 1/4 HP AC Also carries 20 amp, 


120-240V, Ideal for panel 125V AC non-inductive ® 
board, PRP) motors, ap: load for heater applica: 
pliances, power tools, etc, tions, Also available in 

two circuit with center off 


and no off, Choice of ter- 
minals, 


MeGILL MANUFACTURING COMPANY, INC,, ELECTRICAL DIV,, 450 N. CAMPBELL ST,, VALPARAISO, INDIANA 


precision needle roller bearings 
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(eroX” Copyflo” Continuous Printer with panels removed shows compact wiring installation possible with Anaconda Type DSL conduit. 


URN TIGHT CORNERS EASILY WITH ANACONDA 
TYPE DSL EXTRA FLEXIBLE WIRING CONDUIT 


The compactness of modern design calls for Anaconda Type DSL extra 
flexible wiring conduit—made especially for jobs where small bends are 
required. For example, look at the interior of the XeroX Copyflo con- 
tinuous printer shown above—a great deal of wiring, enclosed in DSL, 
was snaked around in relatively tight quarters. 

Anaconda Type DSL is high-quality conduit made of galvanized steel— 
_ without packing, for more flexibility. It comes in a full range of sizes— 
*4 4” LD. through #4” I.D.—in convenient standard length coils. For com- 
plete information and specifications contact your electrical wholesale 
supply house or write: Anaconda Metal Hose Division, The American 
Brass Company, Waterbury 20, Conn. 0136 


*Registered trademarks of Haloid Xerox Inc., Rochester, N. Y. 
Sore 
eee 


TYPE DSLED 


. extra flexible wiring conduit 


Ry: eee td oy ae OA ca neath anak Ew au Os 
lross section of Anaconda Type DSL con- 


® 
iit. Made from galvanized steel, without A CO A 
acking; extra flexible construction. an NA N D pr oduct 


SEES ALL 
YOUR 


Inside view of typical bay, show- 
ing load interrupter (for switching), 
power fuses, and out-going pothead. 


Bist. 


A Power Fuse both 
senses and clears 
short circuits — 

cuts cost of metalclad 
switchgear 50% 


With S&C Metalclad Switchgear you 
get dependable protection for your high- 
voltage power circuits at about half the 
cost. How? Partly through the use of S&C 
Power Fuses instead of circuit breakers 
and relaying. 


The power fuse is self-sufficient. It needs 
no instrument transformers, no relay. 
There is nothing to set, adjust, test, or 
maintain. You don’t need special equip- 
ment or skills. After the fuse clears the 
fault and the cause has been corrected, 
you simply reach for a $13.50 refill stored 
in the compartment door. 


Power fuses give you the protection you 
need against permanent destructive faults. 
Industrial and commercial high-voltage 
power circuits are not subject to transient 
faults (such as lightning, falling trees, 
wind, ice, rodents) and so don’t need the 
automatic reclosing feature of the circuit 
breaker. 


S&C fused interrupter gear meets the 
new National Electrical Code require- 
ments for fault closing. It is available in 
short circuit interrupting ratings up to 
500 mva at 14.4 kv, 250 mva at 4.16 kv. 
Continuous current ratings are 200, 400, 
and 720 amperes. Maximum capacity of 
main bus, 2000 amperes. 


§ &C ELECTRIC COMPANY 


4433 Ravenswood Avenue + Chicago 40, Illinois 


Specialists in High Voltage Circuit Interruption since 1911 


THE WIREMOLD COMPANY « DEPT. EPS, HARTFORD 10, CONNECTICUT 


Cover a wide range of electrical outlet requirements — for 
new construction or rewiring jobs. Mount on any surface... 
walls, work benches, counters, displays, etc. A minimum of 
fittings is required. 


NO.1900 gs 


Furnished three ways: unwired (space outlets as desired); factory-wired 
sections (for short runs); and prewired Snapicoil (outlets on various 
centers). 


NO.2000 


oe 


One size raceway accepts three types of outlets—2-wire NEMA grounded 
and 2- and 3-wire duplex. Furnished either as pre-wired Snapicoil (out- 
lets 30” or 60” on centers), or factory-wired sections with closer spaced 
outlets (for short runs). 


NO.2100 ap 4 


Furnished unwired (space outlets as desired). Receptacles available in- 
clude 2-wire, 2- and 3-wire grounded, lumiline single, midget twistlock, 
3-wire polarized, 3-wire polarized grounded, and T-slot. 


A combination multi-outlet system, wiring raceway and steel baseboard. 
Same receptacles as No. 2000. Furnished as pre-wired Snapicoil (same 


as No, 2000). 


IF 


NO.3000 


fat 


Any standard device designed for a single gang box can be installed 
wherever needed within the raceway. Standard flush plates are used. 


CAPACITY (for wire types T, TW, RU) 
CONDUCTOR SIZE 
NO. | NO. | NO. 


6 8 10 12 
with devices 
no devices 
with devices 
no devices 


with devices: consult Wiremold Catalog No. 21 
no devices 5 0 1 10 


with devices 
no devices 
1 


1 0 
with devices 10 0 
10 10 


no devices 


NO. 
14 


PLUGMOLD 


8 
a 
8 
8 10 
10 10 
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Used along ceilings and walls — to modernize existing wir- 
ing, or complete new wiring from panel box to outlets. A 
minimum of fittings is needed. Four sizes; furnished as one- 
piece raceways. 


’ 
: 


NO.700 —_NO.1000. 


e=5I. 


NO.200 NO.500 


CAPACITY (for wire types T, TW, RU) 
CONDUCTOR SIZE 
NO. 6 NO. 8 


WIREMOLD 


PANCAKE’ Overfloor Duct Systems | 


Strong, flat overfloor raceways to carry power and light and 
communications wiring to locations away from walls. Quickly 
installed without channeling into floors. A minimum of fit- 
tings is needed. 


CAPACITY 
CONDUCTOR SIZE: 


wire types T, TW, RU 


NO.2600 (not shown) 
CAPACITY: two 26-pair telephone cables. 


TELE-POWER Duct Systems 


ays — 
i 1 Plugmold Racew : 
i a pair of parallel Plu sa 
Cont iene signal and pasa pet He 
oes wiring; the Gate ye ae emia 
ight wiring. Beca ha 
pet ee ae the electrical cone oe <i 
ares ly install or 
«nstaller needs only ; bakigicr 
ane forthe wiring that concerns him. The hig 


h other. 
low potential wiring are not exposed to eac 


9 miles of SPANG Conduit protect wiring in the new Plaza 
\partments, Wilmington, Del. Benjamin J. Lener, general foreman, Light & Power 
Yonstruction Co., reports Spang uniformity provided a good job, saved installation time, 
rrotects his company’s reputation. Uniformity of Spang Conduit meant consistently good 
yends and fast, accurate threading on the job. Smooth interior finish provided easy wire 
yulling, prevented wire damage. The HD Galvanized finish has high corrosion resistance, 
lidn’t flake or chip during bending. You’ll get top-quality jobs with Spang, too. See your 
ocal Spang Distributor for fast service! 


Ae THE NATIONAL SUPPLY COMPANY 


CONDUIT Two Gateway Center, Pittsburgh 22, Pennsylvania 
Subsidiary of Armco Steel Corporation fe 


rchitect: Victorine & Samuel Homsey, Wilmington 

eneral Contractor: Ernest di Sabatine & Sons, Inc., Wilmington 
lectrical Engineer: Everett Miller, Philadelphia 

lectrical Contractor: Light & Power Construction Co., Elsmere, Del. 
pang Distributor: Westinghouse Electric Supply Company, Wilmington 


JOB-PROFIT TOOLING IDEAS 


FROM GREENLEE 


= 


Ee a_ Se ON Be eS! 


hWe saved an average 
of 65% per bend fo! 

material and labo: 
compared with using 


fabricated elbows 


says Mr. George Koslowski, sup 


FISCHBACH, MOORE AND MORRISSE 
CONTRACTOR 


“Nearly all of our conduit-bending and metal-punchi 
operations are done with Greenlee tools,” says Geor, 
Koslowski, superintendent for Fischbach, Moore and Mo 
rissey, nationally known electrical contractors. “On th 
job, the new Exhibition Hall on Chicago’s lake front, ¥ 
have found that these tools get the jobs done faster —; 
an average labor and material savings of 65% on eve 
bend compared with using manufactured elbows.” 


| Start of construction 
| en new Chicago 
Exhibition Hall 


Specifications for this job called for more 
than 400 offsets and 1000 separate bends in 
conduit ranging in size from 114”-4” in 
diameter. A typical conduit installation is 
shown at right. 


Reliability, fast setup, and interchangeable 
components were important timesaving ad- 
vantages of Greenlee tools. Job-Profit Tool- 
ing Ideas using Greenlee hydraulic benders, 
knockout punches, and power pumps are 
shown on facing page. 


GS eG 


Offsets in one shot, one 


setting. Three offsets are now 
made in the time formerly needed 
for one. To speed offset bending 
on the Chicago Exhibition Hall 
iob, Fischbach, Moore and Mor- 
rissey men used two Greenlee No. 
388 multipurpose hydraulic bend- 
ars (for 14” - 2’”’ conduit) powered 
»y Greenlee No. 798 AC-PO power 
sumps. Offsets are always in cor- 
‘ect alignment — no doglegs. 


Bending big conduit is faster, too, 
vith a lightweight Greenlee No. 
384 hydraulic bender. Two of 
these were used on this job to 
nake one-shot bends in all sizes 
of conduit up to 4”. 


Nn ie ero cen eae ra a an 


Jther Greenlee lightweight hy- 
lraulic benders are available in 
fA” -2” and 14” - 3” capacities for 
luminum or steel conduit. At- 
achments for bending thin-wall 
onduit, bus bars, and tubing also 
vailable. 


TOOLS FOR CRAFTSMEN 


Knockouts in one shot! 
Pre-drilling and step-up punching 
are entirely eliminated with a 


Greenlee No. 1732 hydraulic 
knockout punch driver. As many 


_as four operations saved on larger 


holes. Superintendent on the job 
reports that setup time averaged 
eight minutes for 4” knockout 
holes in 12-gauge material. Holes 
were punched in seconds. This 
driver powered with a Greenlee 
No. 798 AC-PO pump saved from 
1% to 2 hours over the time that 


woulda be neeaed With COonven»n- 
tional punches and hand pump. 


To punch smaller holes, this con- 
tractor put Greenlee No. 1804 
ratchet knockout punch drivers on 
the job. Operation is six to eight 
times faster than wrench method. 
Standard Greenlee punches 14”- 
3” are easily driven by this tool. 


The Greenlee line includes a com- 
plete range of knockout punches 
for 4” -5” conduit. Available 
singly or in handy sets with carry- 
ing cases. 


Idea for faster bending 


and punching. Greenlee 
power pumps proved a big time- 
and moneysaver for George Kos- 
lowski and his crew. The Greenlee 
No. 798 series power pumps they 
use provide from three to five 
times faster operation of their 
benders and hydraulic knockout 
punch drivers. Quick couplers on 
all units make interchanging 
pumps fast and easy. 


Exclusive Greenlee feature of two- 
speed action... fast approach and 
automatic changeover to lower 
speed, high-pressure drive means 
savings on every job. Greenlee 
makes a complete line of power 
pumps to drive hydraulic equip- 
ment in the shop or on the job. 


To learn more about GREENLEE 
JOB-PROFIT TOOLING ask 
your wholesaler for a demonstra- 
tion or write for our new, fully 
illustrated quick-reference bulle- 
tin E-240. 


GREENLEE TOOL CO. 
1919 Columbia Ave., Rockford, Ill. 


GREENLEE JOB-PROFIT TOOLING 


» © -@ 


...cost control for contractors 
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BUILDING WIRES AND CABLE 


Time is your most costly commodity! That’s why 
Paranite concentrates on the production of quality wire 
products that stretch every man-hour to its utmost 
efficiency. The result is a more profitable operation for 
the contractor using Paranite products. From sheath to 
core—every possible time-cutting feature has been built- 
in to minimize loss of time. Paranite strips fast—slick 
finishes assure smooth pulling. Dead-soft conductors give 
superior flexibility to speed-up working through studs 
or in conduit. And finally, Paranite wire products are in 
labor-saving packages with color-coded labels for instant 
identification. Yet you pay no more for Paranite! 


A. Paranite Parasyn® Type TW 600 V small diameter building wire is 
thermoplastic insulated for use at temperatures up to 60°C. It is flame, 
moisture and oil resistant. Standard colors available from stock in both 
solid and stranded, sizes 14 AWG through 1000 MCM. UL listed. 


B. Parasyn® Type THW Thermoplastic insulated 600 V building wire is 
UL listed 75°C for wet or dry application. Small diameter, slick silicone 
finish color availability and stripping ease assure reduced handling 
costs. Solid and stranded, 14 AWG through 500 MCM. 


500 MCM PARANITE PARASYN TYPE THW 


Paranite wire products are readily available from 
leading distributors across the nation in a full range 
of sizes and conductors, both copper and aluminum. 


ca 


PARANITE WIRE & CABLE DIVISION 


ESSEX WIRE CORPORATION, Marion, Indiana B. 
MANUFACTURING PLANTS: Marion, Ind.; Jonesboro, Ind.; Tiffin, Ohio; Anaheim, Calif. 
Sales Offices and Redistribution Warehouses in all Principal Cities 
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fast installation is another big feature of RODALE devices 


Back wiring on these duplex receptacles 
and one inch depth measurement on the 
TOUCHETTE switch are two of the many 
advantages that make Rodale devices out- 
standing time and money savers. Mounting 
screws placed and ready for action... green 
hexagonal grounding screws for wiring con- 
venience... sturdy construction and quality 
controlled production ... all yours when you 
specify Rodale. 


872 


dept. D3 emmaus, pa. 


TZ 422 


Sold only through electrical wholesalers. 
Or for further information and prices 
write Rodale direct. 
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Gain the | 
Maximum Benefits 
of 1500 MA Lamps... 


Sylvania’s NTWWS-2V28-RLM. 
One of Sylvania’s complete line 
of Very High Output fixtures. 


Sylvania’s broad line of Very High Output fixtures, using 
the powerful 1500 MA lamps, provides a practical and 
economical solution to a vast range of lighting problems. 

Because they were designed to take full advantage of 
the tremendous light output of the 1500 MA lamp...and 
Still maintain the features needed to control bothersome 
glare and brightness contrasts . . . Sylvania’s Very High 
Output fixtures assure lighting quality to go along with 
the increased quantity. 

And they cut down on initial costs, too, by saving 10¢ 


...with SYLVANIA’S 
Very High Output 
FIXTURES 


This fixture, with its wider 16” reflector, received imme- 
diate RLM approval, after testing, when the new RLM 
specifications for 1500 MA fixtures were announced. 


to 50¢ per square foot in the average installation. 

Look into the advantages of using 1500 MA fixtures 
for your lighting. And be sure of getting quantity and 
quality by insisting on Sylvania’s Very High Output fixtures. 

Complete technical and photometric information will 
gladly be sent to you upon request. 


SYLVANIA LIGHTING PropuctTs 
A Division of SYLVANIA ELECTRIC Propucts INC. 
One 48th Street, Wheeling, West Virginia 


eo movers  SYLVANITA 


Subsidiary of GENERAL TELEPHONE & ELECTRONICS | 


-LUORESCENT LIGHTING FIXTURES AND SYSTEMS ° BEST FIXTURE VALUE IN EVERY PRICE RANGE 
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SORGEL’S ~~ ‘ OFFE 


UNIQUE CUSTOMER ADVANTAGC 


IN SERVICE, PRODUCT AND PR 


Sorgel is historically known throughout the industry as the pioneering designers and 
manufacturers of quality dry-type transformers. Since 1916 this has been the princi- 
pal product at Sorgel. Because of this long-time specialization and the experience of 
our engineering department, you are assured of immediate personal attention on any 
request or order. The combination of immediate service, product advantages, and 
competitive prices make Sorgel Electric the first choice of any consulting engineer, 
plant engineer, contractor or end users wanting a continuous, dependable trans- 
former performance. The people who specify Sorgel are specifying the economies 
found only in our quiet quality products. 


THE SORGEL SERVICE 
Prompt, efficient attention to your inquiries, orders and deliveries 


Sorgel’s competent staff of experienced engineers, salesmen, 
sales representatives and factory personnel are trained to serve 
you immediately when you call. When your inquiry is received 
it gets immediate, personal attention. Each order is carefully 
reviewed as to specifications and delivery requirements. Prompt 
acknowledgment is made and almost immediately your trans- 
former starts through our efficient production scheduling. 


THE SORGEL PLANT 


Where imaginative progress has been, and is being made 


Continued modernization of our facilities and the growth and 
additions of talented engineering personnel have made possible 
the many new improvements and developments of our com- 
plete family line of sound-rated dry-type transformers. We take 
pride in keeping ahead of the present pace and engineering for 
the future. That’s why Sorgel is known as the pioneer of sound- 
rated dry-type transformers for use in all sizes and all voltages, 


THE SORGEL SAVINGS 


In the Transformer Field, Quality Is Economy 


It’s a proven fact that the initial cost of a second-class trans- 
former is usually not the final expense. Breakdowns and extra 
maintenance costs mount fast. Not with our line! Sorgel sound- 
rated dry-type transformers are cores and carefully manu- 
factured to provide you with ease of installation, the ultimate 
in efficiencies assuring lowest operating cost at all loads, over- 
load capacity and long-range economy. 


| 
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Lamp Annunciators (1) 


‘ A new line of flexible, modular 
industrial lamp annunciators and 
_annunciator systems has been in- 
_ troduced. Plug-in circuits which 
can be removed and changed for 
different operational sequences, 
multiple lamps to insure a signal 
_ even in event of lamp burn-out, 
quick change “snap-in” indicator 
plates, sequential circuits, data- 
logging terminals, snap-fit one- 
piece molded lamp compartments 
_ that can be removed without tools, 
are some of the features of new 
_ systems. In operation, lamp an- 
 nunciators will detect and indicate, 
visually and audibly, any abnormal 
condition or change in status; 
based on information re- 
ceived, they can start up or shut 
down any desired machinery; feed 

data-logging or 


information to 
| other control equipment; and fi- 
nally, reset themselves, ready to per- 
form again. 

' Industrial annunciators include 
‘all basic components of a complete 
stem: lamp indications, ‘“‘plug- 
” circuits, audible signals, plus 
rovision for remote acknowledg- 
ent, lamp test, and reset pushbut- 
ms. Three types of steel cabinets 
e available, flush panel mounted 
types with rear access terminals, 
flush wall mounted types with front 
ess terminals, and _ surface 
ounted types with front access 
rminals. Indicator sizes vary 
rom 1- by 3-in. to 12- by 2-in. to 
2- by 8-in. 


‘Edwards Company, Inc., Nor- 
alk, Conn. 
cuit Breaker (2) 


_With the new duplex Pushmatic 
tircuit breaker, the number iof cir- 
ts may be multiplied without in- 
asing the size of panel. Ideal for 
dernization as well as new con- 
uction where additional 15- or 
‘amp circuits may be required 


Product News 


in the future, the duplex Pushmatic 
will fit any Electri-Center. With the 
installation of duplex breakers, a 
regular §8-circuit Electri-Center 
panel will accommodate eight light- 
ing or general purpose circuits plus 
the main breaker, double pole, and 
a range breaker, double pole. By 
the same method, a 14-circuit Elec- 
tri-Center control panel will accom- 
modate up to 24 circuits plus the 
100-amp 2-pole main breaker. Du- 
plex breakers are designed for both 
manual and automatic operation. 
Both regular and duplex breakers 
have two separate protective ele- 
ments—a coil-type solenoid and a 
thermal bimetal. 

BullDog Electric Products Div., 
I-T-E Circuit Breaker Co., 7610 
Joseph Campau, Detroit, Mich. 


Switchboard (3) 


The VFS modular distribution 
switchboard meets all operating re- 
quirements up through 5000 amps 
with  quick-make, quick-break 
switch action. Using QMQB 
switches for applications up to 1200 
amps and SP-1 service protectors 
for applications up through 5000 
amps, VFS switchboards are de- 
signed especially for use in medium 
and large commercial, institutional 
and industrial buildings where 
service needs range from 600 
through 5000 amps, 250 and 600 
volts. Switchboards will handle not 
only heavy continuous currents but 
will also give fault protection on 
short circuits up to 200,000 amps. 
Switches can be added, replaced or 
interchanged. Safety features are 
are quenchers; load-break devices 
on all switches; external front oper- 
ated handles; steel-front construc- 
tion and total steel enclosures. Sup- 
porting switch units and connect- 
ting them to the bus are specially 
designed phenolic insulators which 
are capable of handling short-cir- 
cuit stresses up to 100,000 amps. 

Federal Pacific Electric Co., 50 
Paris St., Newark 1, N. J. 


PRECISION 
ENGINEERED 
FITTINGS 


M. STEPHENS 
MEG. INC. 
814 EAST 29TH STREET 


LOS ANGELES 11, 


CALIF. 


ADams 1-9147 


THE FOLLOWING IS A LIST OF SALESMEN 
REPRESENTING M. STEPHENS MFG., INC.: 
(* Means rep. carrying stock) 


*Brenner Electrical 
Sales 
305 Velasco 
Houston, Texas 


Mr. W. A. Smith 
Brenner Electrical 
Sales 

P. 0. Box 13001 
Dallas 20, Texas 


Mr. W. D. Reese 
Brenner Electrical 
Sales 

2608 Parkview Drive 
Austin 5, Texas 


*A. Lee Clifford & Co. 
1801 W. 18th St. 
Indianapolis 7, Ind. 


Forrest E. Durnal 


1121 Edgewater Ave. 


Ft. Wayne, Ind. 


Charles W. Pfeiffer 
c/o A. Lee Clifford 
& Co. 

1905 Bardstown Rd. 
Louisville 5, Ky. 


Bill Crichton 
& Associates 
Riverview, Florida 


Mr. C. R. Maddox 
5601 Suwannee Ave. 
Tampa, Florida 


Mr. C. R. Stegin 
2321 Riverside Ave. 
Jacksonville, Fla. 


Mr. J. R. Heidenreich 
1628 N.E. 6th Ct. 
Ft. Lauderdale, Fla. 


R. H. Dirkes Co. 
327 S.W. Blvd. 
Kansas City 8, Mo. 
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*Electrical Sales Co. 
2525 W. Armitage 
Ave. 

Chicago 47, Ill. 

*Gregory & Flynn 
4501 Perkins Ave. 
Cleveland, Ohio 
Howard Gregory 
7807 Greenbriar Lane 
Cincinnati 43, Ohio 
Howard Flynn 
11201 Frankstown 
Pittsburgh 35, Pa. 

*Hoffman Brothers 
5201 Martin 
Detroit 10, Mich. 


*Keeler, White, Inc. 
523 N.W. Everett St. 
Portland 9, Ore. 

*Keeler, White, Inc. 
1041 - 6th Ave., So. 
Seattle 4, Wash. 

*D. A. Marsden 
118 W. 29th St. 
Charlotte, N. C. 

R. E. Myers & Son 
317.N. 11th St. 
St. Louis 1, Mo. 
M. Morin Rivera 
1300 N. Broad St. 
New Orleans, La. 
Electrical Sales 
Rocky Mountain 
16 Wazee Market 
Denver, Colorado 


*Rouzer Sales Co. 
823 Marshall St.,N.E. 
Minneapolis, Minn. 
Leonard M. Slusser 
318 Dooley Block 
Salt Lake City, Utah 

*Stanley Sales Corp. 
1122 Folsom St. 

San Francisco 3, 
Calif. 
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BUS 
COMPARTMENT 


\ 


WIRING COMPARTMENT 


20” WIDE 


Up to 5 Size 1 
Control Cells 


preferred for most 
general purpose in- 
dustrial applications. 


TYPE “MC” 


these advantages will help you 


MUCH GREATER SPACE SAVINGS . . . because 
the Arrow-Hart Motor Control Units in these Control 
Centers are half the size and weight of comparable 
controls. ARROW-HART offers a control center with 
up to 10 Size 1 control cells in a single vertical sec- 
tion 90” high. 


FASTER, LOWER-COST INSTALLATION ... 
because all controls are delivered in a single pre- 
tested, ready-to-install “package.” If specified, all 
interwiring, sequencing, interlocking etc. are pre- 
engineered. 


GREATER DEPENDABILITY . . . because of the 
superior performance of the individual Arrow-Hart 
Control Units and simplified maintenance because all 
controls are centralized in a single convenient loca- 
tion, away from shop dust and dirt. Individual cells 
are plug-in type for quick removal, replacement or 
re-assembly. 


COMPLETE FLEXIBILITY, VERSATILITY ... 
practically any desired combination of units can 
easily be assembled . . . or modified. 


MOST COMPLETE LINES AVAILABLE 
ANYWHERE... 

COMBINATION STARTER UNITS: Non-Revers- 
ing, Reversing, 2-Speed, Part-Winding, and Reduced 
Voltage Starter Types in NEMA Sizes I through 5 
...in combination with Fused or Unfused Disconnect 
Switch or Circuit Breaker of Thermal Magnetic or 
Instantaneous Trip Type. 


ENCLOSURES: NEMA 1 (General Purpose), 
NEMA 1-A (Semi-Dustight), NEMA 3 (Outdoor), 
NEMA 5 (Dustight), and NEMA 12 (Industrial 
Use) — in standard or back-to-back arrangements. 


WIRING: NEMA A, B or C— Class I or II. 


OTHER CONTROL UNITS: Include Lighting 
Panels, Transformers, Metering Equipment, and a 
Complete Line of Pilot Devices. 


GET COMPLETE INFORMATION NOW! 


Write today for fully descriptive literature. The 
Arrow-Hart & Hegeman Electric Company, Dept. 


ECM, 103 Hawthorn St., Hartford 6, Conn, 


COMPARTM 


ye 


WIRING COMPARTMENT 


25” WIDE 


Up to 10 Size 1 
Control Cells 


preferred for schools 
and other commer- 
cial, and institution- 
al applications that 
call for maximum 
space savings. 


(4) 


A- new switch-type line of com- 


- Starters 


bination starters, furnished in 
“NEMA 12 dust-tight enclosures, 
has been announced. Entirely new 
disconnect-switch and door-closing 
mechanisms have been incorporated 
in the new design to provide safety 
for both maintenance and operating 
personnel. Disconnect operating 
andle is permamently attached to 
switch. Handle is always in control 
of switch, regardless of whether 
door is open or closed, and door 
nnot be opened with switch on un- 
less a by-pass is operated. Fuse 
clips are interchangeable, and can 
e spaced to accommodate either 


nd through wiring simplifies in- 
stallation. Bulletin SM-292 is avail- 
ble, . 

Square D Company, 4041 North 
Richards St., Milwaukee 12, Wis. 


‘ he 
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_ The new 6000 Series luminaire 
Teaturing crystal-clear, acrylic, 
Prismatic controlens has been an- 
hounced. It is 343 in. deep to ceiling 
ine. Hach of two lenses is made of 
One, single injection molded piece 
A ft long. Lenses are separated 
along center of fixture by a 3-in. 
wide ballast chamber cover recessed 
1 in. above bottom of lens. Each 
Prismalume enclosure is held on 
‘one side by a steel channel riveted 
directly to plastic. On the other 
side, ‘two 4 in. hinges provide re- 
damping by a “free-swinging” at- 
tachment of lenses to fixture. 

_ Holophane Company, Inc., 342 
Madison Ave., New York 17, N. Y. 
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HART-LOCK HEAVY- 
DUTY DEVICES 


L INS 


setnemnwenpntne 


FOR 


err a is 


LES, CAPS AND 
CONNECTORS—30 AMPERES, 250 VOLTS 


Developed to insure safety in heavy-duty installations, this new 
line of Hart-Lock devices provides complete protection: for in- 
dustrial and commercial equipment that operates on 250 volts. 
The receptacle has black, glazed porcelain finish contact face, or 
is available with ““NO-TRAK” face for heavy-duty industrial 
equipment. Serrations around terminal screws provide a secure 
grip for wires. Configuration prevents interchangeability with 
20 amp Hart-Lock caps, connectors and receptacles. Caps and 
connectors have rubber ridge for better finger grip. Available in 
Arrow-Hart’s exclusive armor-over-rubber construction. Grounded 
units are also available. 


“H&H” SPECIFICATION GRADES 


DUPLEX 3-WIRE GROUNDING RECEPT- 
ACLES AND CAPS—15 AMPS, 277 VOLTS 


Provides positive grounding for commer- 
cial fluorescent fixture installations equip- 
ment, plus locking to prevent accidental 
disconnect. Available both back wired and 
side wired, receptacle has 2 green hex 
grounding screws. Caps available in rub- 
ber or in armor-over-rubber. 


NO. XT-4750 


There are Arrow-Hart locking devices for every industrial, com- 
mercial and residential application. And each A-H device is 
designed for easy, fast installation and safe, reliable operation. 
Your customers will appreciate the added protection of Arrow- 
Hart products. Write today for information. 


NO. XT-4776 


Dept. ECM, The Arrow-Hart & Hegeman Electric Co. 
103 Hawthorn St., Hartford 6, Conn. 


ARROW © HART 


ual since 1890 


WIRING DEVICES - APPLIANCE SWITCHES 
ENCLOSED SWITCHES +- MOTOR CONTROLS 


leading contractors use 


Just a pull of the trigger 

and versatile Ramset tools 
set threaded studs, 

drive pins and. other types 
of fasteners into concrete 


or steel without pre-drilling Motor 


or plugging. A new kind of motor ove 

y ie protection, called Thermo-Tect 
Beside speed, versatility available on all G-E Tri-Clad 
: : phase induction motors up: t 

and one-hand operation, hp, frame sizes 254U to 445. 
you can choose from any insulation class or enck 


: AES : Protection is provided by ty 
industry's widest selection more miniature  heat-se 


of fasteners and switches buried in stator wins 
Switches, connected in series 
powder charges. conventional motor control, | 


motor off whenever internal © 
ing temperature exceeds a pre} 
why Ramset is mined amount regardless of r 


ay! f widel d temperature rise. Under rapi 
today’s most widely use the switches “anticipate” and 


Discover for yourself 


powder-actuated circuit at a lower temperatur® 
: when rate of rise is slow. 
fastening system. General Electric Co., Schen# 


Write direct or call 5, N.Y. 


your Ramset dealer, Fittings 


listed under “Tools Additions to this line of mai} 
in the Yellow iron electrical fittings have) 
Pages made. An entrance cap for} 
; and 3-2/0 service entrance 
equipped with a non-wate ft 
connector and_ slotted mc 
brackets; and two new If 
style malleable iron watef 
connectors. The two connect 
both 2-in. hub thread siz 
vinylite sealing bushings sf} 
accommodate different dif 
cables. A new one-hole m# 
— iron-hot dip galvanized ove} 
strap is designed for 3-4, 
cable and 3-2/0 bare cable. 
Gedney Electric Company 
City, New York 20,N. Y. | 


b 


Electric Plant 


A new 50 kw electric plars 
able in various models for 4 
or gas-gasoline operation, f EE 


| sired. Unit has a revolvil 
12-lead reconnectible gener jor 
signed to crank electrically 
the direct-connected excit}. 
automatic voltage regul br 
standard equipment. Gasche 
gine powering it develops 1}, h 
rated speed of 1800 rpm. 


Ramset*Fastening System Kohler Co., Kohler, Wis. 
Q OLIN MATHIESON CHEMICAL CORP. + WINCHESTER-WESTERN DIV. 285E WINCHESTER AVE, » NEW HAVEN 4, CONN. 
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Cable'bility at work 


The Okonite Compan 


agnet cranes give power and control cables a hard time 
y incessant reeling and unreeling as the magnet is raised 
nd lowered. Many commercial grades of cable can’t take 
and fail after a few months’ punishment. 


Vin 


qi 


STEADY AS SHE GOES! Twelve years ago, Phoenix Steel Corporation was having trouble 
crane cables. Phoenix tried many commercial grades, but after a few months of constant flexing the individual 
conductor strands would break and puncture the insulation. With Okocord magnet crane cables, however, 
Phoenix has been getting excellent service that keeps the cranes operating continuously and efficiently. 


a Ay is 3 


Ssures power for Phoenix Steel magnet cranes 


That’s why Phoenix Steel Corporation of Pennsylvania 


has standardized on Okocord magnet crane cable. 


Conductor, insulation, filler, sheath—all are designed. 
for strength and flexibility. The short lay and assembly of 
conductors and fillers assure flexibility and compactness 
to withstand the constant bending and twisting of this 
tough reeling application. 


Want to learn more about tough, long-lasting Okocord 
portable cables? Write for our 64-page Okocord catalog — 
EC-1108. The Okonite Company, Subsidiary of Kenne- 
cott Copper Corporation, Passaic, New Jersey. 


where there’s electrical power... there’s OKONITE CABLE 


6552 


with its magnet 


TUMBLEHEAD 
GRAVITY TYPE 
Falls into open position 
to fasten work securely 
against hollow walls. 


TWO-WING 
SPRING TYPE 


FINE QUALITY and SKILLFUL WORK- 
MANSHIP are the distinguishing fea- 
tures of Arro Toggle Bolts. 


This well made toggle bolt makes fast- 
2ning to tile, plaster, wall board, or any 
‘ype of hollow construction, quick and 
sure. Its lively spring, when released, 
spreads the steel wings into open position 
—tightening develops maximum holding 
power. 


Used extensively by electricians, plumbers, 
decorators, maintenance men, sign men 


and many other tradesmen. 


RIVETED HEAD 
STUD BOLT TYPE 
Falls into open po- 
sition by gravity. 


SCREW HEAD STYLES 


THE PRVARROMD> LINE OF MASONRY 


ANCHORING AND DRILLING DEVICES 


TUMBLE TYPE 
TOGGLE BOLT 


LITTLE MAJOR TURNBUCKLE 


JUTE PLUG 


See your industrial, 
hardware or 
electrical supplier 


ARRO EXPANSION BOLT COMPANY 


DEPARTMENT D, P.O. BOX 388, MARION, OHIO 


SILVER KING 
SELF DRILLING SHIELD 
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Ceiling Heater (9 


A square-mesh grille is a feature 
of a new radiant heater, a surface 
mounted unit that extends 32 in 
from ceiling. Special grille pattern 
permits maximum heat radiation 
and diffusion with no drafts or cold 
spots. Quiet fan pulls air up 
through center of unit and dis- 
perses infra-red heat around outer 
edge. All exposed parts are ano- 
dized aluminum. Model 9290 has a 
specially designed armored-type 
heating element for instant heat. 

NuTone, Inc., Cincinnati 27, Ohio 


Meters - (10) 


A full line of standard VU meters 
conform to industry standards and 
are available with A or B scale 
plates. Meters are designed for 
broadcast monitoring panels, tape 
recorders, sound level indicators, 
PA systems, and wherever volume 
indicators are needed. They feature 
double bridge d’Arsonval movement 
with wide band, full bridge recti- 
fiers. Available in 23-, 34-, 43-in. 
round or rectangular shapes. 

Pace Electrical Instrument Co., 
Inc., 70-81 84th St., Glendale, L. I., 
Nae 


Clock System (11) 


A hee clock system with a 12- 
hr corrective range synchronizes 
and corrects all secondary clocks 
and time clocks once each hour with 
an hourly corrective plus a 12-hr 
correction twice a day. In the sys- 
tem, all clocks can be set to correct 
time at any period of day from a 
central location. System can oper- 
ate time recorders without an auxil- 
iary relay device. It can also oper- 
ate time stamps and program 
controls. 

Cincinnati Time Recorder Co. 
1733 Central Ave., Cincinnati 14 
Ohio 


. MAY, 1960 


That’s right! The electrical engineer 
for a leading contractor figured this: 
You can save as much as 630 feet 
of wire and 160 feet of conduit 
in lighting a 50’ x 54’ area, 
using fixtures equipped with 
Certified CBM ballasts. 


when fixture 
BALLASTS 
wear this emblem Z. 


And there are other benefits too... such as peak light output, long lamp and 
ballast life, positive starting, dependable service. Because CBM ballasts are 
made to definite specifications . . . checked and certified by ETL. And of 
course, they’re UL listed. It pays to specify fixtures with CBM ballasts. For 
the latest dope, ask us to send you CBM News. 


CERTIFIED BALLAST MANUFACTURERS, 2118 Keith Building, Cleveland 15, Ohio. 


Participation in CBM is open to any manufacturer who wishes to qualify. 


CBM Ballasts are checked 
by testsregularly, at E.T.L. 
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WILL YOUR “GROUNDS” CARRY IT? 


During seasons of electrical storms, a careful program of checking all ground 
connections may save your company serious outages and property hot, Nine 
tenths of industrial lightning damage is reported to be on vital electrical equip- 
ment—molors, generators, transformers. Experience shows that ground resistance 
does not remain constant. Tests should be made at least once a year, and high 


ground resistance corrected, 


Do You Have This Information File on Grounding? 


The James G. Biddle Co. File 25 is an excellent 
fund of information on grounding problems, It 
includes a Manual on Ground Resistance Test- 
ing, and Bulletins on “Grounding Electric 
Circuits Effectively” and ‘( 
and Practices Applied to Industrial Plants.” 

USE THE MEGGER® GROUND TESTER 


To test ground connections, the easiest, quickest, 


rrounding Principles 
& | 


and most dependable method is the use of the 
Megger Ground ‘Tester with its own hand gene- 
rator for current supply. Reading the resistance 
value is as easy as reading a voltmeter—directly 
in ohms, Only one set of connections, one opera- 
tion, without any calculations, Each instrument 
is self-contained, rugged, and portable. Its cost 
is a small fraction of the savings resulting from 
adequate grounding protection, 
Write for Ground Testing File 25-ECM, 


JAMES G. BIDDLE 


co. 
Electrical & Speed Measuring Instruments 
1315 ARCH STREET e PHILADELPHIA 7, PA. 


? 


JASTRUMENTS 


(12) 


A new 2-ft electric baseboard, 
known as Spartan Bd, has a 500- 
watt rating. It has a double thick- 
ness deflector, which lowers surface 
temperature by 20 degrees. Ship- 
ping weight is 9 lbs. 

Spartan Electric Radiator Corp., 
52-55 74th St., Maspeth, L.I., N. Y. 


Electric Baseboard 


(13) 


Multi-application fluorescent fix- 
ture is for use in kitchens, pantries, 
over mirror in lavatory, in laundry 
or utility room, recreation or work 
room. It uses two rapid start 
fluorescent lamps (F40T12); clear 
plastic lens; chromium end plates; 
mounts flush to ceiling or wall; and 
measures 484 in. long, 9 in. wide 
and 3 in. deep. 

Virden Lighting, 5209 Huclid 
Ave., Cleveland 3, Ohio 


Fluorescent Fixture 


Switch Racks 


Custom-made switch racks com- 


(14) 


plete with panelboards, | circuit 
breakers, motor starters, and dis- 
connect switches are now being 
produced. These new rectangular 
aluminum racks are particularly 
suited for compact mounting of 
switch rack components for either 
outdoor or indoor use. 

Killark Electric Manufacturing 
Co., 3940 Haston Ave., St. Louis 
18, Mo. 
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Transformer (15) 


A new lightweight epoxy resin 
current transformer, Type TWM, 
is for indoor-outdoor light-duty 
metering. Designed in four current 
ratings—200:5, 400:5, 600:5, and 
800:5 amps—it can be mounted ver- 
tically, horizontally or in an in- 
verted position. Window openings 
of highest current rating can ac- 
commodate two 750 MCM or three 
500 MCM insulated cables. Pri- 
mary and secondary polarity marks 
are cast in transformer. Secondary 
terminals on top of transformer are 
protected by a weather-resistant 
sealable cover. Transformer is 
easily adapted for conduit type 
hook-up and can be used on 2- or 3- 
wire, single and polyphase circuits. 

Allis -Chalmers Manufacturing 
Co., Milwaukee 1, Wis. 


Motors (16) 


Redesigned to meet new NEMA 
specifications, Type RS dripproof 
general purpose motors feature cast 
iron frames with integrally cast 
feet. Other features include solid 
die cast rotors with dual integrally 
cast cooling fans; entire rotor as- 
sembly is dynamically balanced. 
Mylar insulated throughout for 
high dielectric strength and com- 
pactness. Dripproof enclosure is 
furnished throughout entire frame 
size range. Rerated motors oper- 
ate continuously at a rated tem- 
perature rise of 40° C. They are 
available for 3- or 2-phase, in all 
standard frequencies and commer- 
cial voltages below 600. 

Lima Electric Motor Co., Inc., 
Lima, Ohio 


Outlet Boxes (17) 


Nine new types of 34 in. and 4-in. 
octagon outlet boxes have been 
added to this line. Boxes are stand- 
ard drawn 14-in. deep types. Choice 
of BX clamps for installing 
armored cable and flexible metallic 
conduit, or Romex clamps for non- 
metallic sheathed cable and flexible 
tubing. All clamps have nested fit. 
An extruded hole for clamp screw 
attachment doubles the number of 
threads available. Both styles can 
be supplied with mounting ears or 
with “J” type brackets welded on 
the side. Standard 4 in. knockouts, 
or ‘combination 4-2 in. for rigid 
metallic conduit are available. 
Literature is available. 

Keystone Manufacturing Co., 
Warren, Mich. 


YOU ASKED FOR IT! 


the NEW DAVIS Self-Propelled 
T-66 TRENCHER 


is built to your specifications 


*Pat. Pending 


Positive Traction as Hydraulic Variable Speed Drive 
Convenient Control... Virtually Effortless Operation 


Here's the finest, most advanced utility trencher available. The Davis T-66 has 
been designed and produced after an exhaustive survey determined the fea- 
tures users really wanted. Every one of its 1350 pounds is packed with perform- 
ance to handle 9 out of 10 jobs with such efficiency and economy that you're 
bound to make more profit. And, it’s priced far less than you would expect. 

Positive traction, accurate speed control, and distribution of power where 
you need it is obtained through the use of tracks and a variable speed hydraulic 
drive. Boom is operated hydraulically for depth control, and it has a built-in 
pre-loaded shock absorber which cushions the shock but doesn’t absorb the 
power. Everything is designed for the operator’s comfort and convenience — 
requiring very little skill or effort. It digs 3” to 4” wide to 66” deep; or 12” 
wide, 30” deep and at varying widths and depths in between, Only two tooth 
combinations are required to let you dig at all widths. It trenches from 1-ft. 
to 12-ft. per minute depending upon soil conditions. It is compact, only 37” 
wide. The Davis T-66 is quality built in every part. It pays off in 33 ways! 


ASK ABOUT ITS 90-DAY UNCONDITIONAL GUARANTEE 


DOES ITS OWN BACKFILLING 


The Davis T-66 has a low-cost, well 
designed, hydraulically controlled 
angle backfill blade. The T-66 has 
two-speed drive with instant forward 
and reverse, powered steering, in- 
dependent left and right positive 
clutches and disc steering brakes for 
maneuverability in backfilling. 


the DAVIS PUP TRENCHER 
digs by itself 
Self-propelled 


by pestle e (CRS 8 pgs ear em 7 fe TD Lao Py Ge ED SD OSS a OD C7 ED ED FED ON OT 
See Dice to DAVIS MEG. INC. 


1504 South McLean Bivd., Wichita 13, Kansas 


drive. Digs 2” H 

to 3” wide to 

36” deep; 4” H 

wide, 18” deep. Low cost. | 
| 

{ 


Tell me more about the Davis T-66 Davis 


the DAVIS HUSTLER UTILITY TRAILER Pup Davis Hustler Utility Trailer 
carries T-66 and Please send literature and name of distributor. 
numerous other 
items. 2000 Ib. NAME 
capacity, 48’ x 
84” deck. Has ADDRESS 


low center of 
gravity and 
load equalization. 


TOWN SS STATES 
T6-60-3 
Se a EE St a Oe SE CO Om UE 
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Cf PION 


YOU SPEND NEARLY $2.50 TO 
OPERATE A 25 CENT LAMP 


The electric power required to operate 
a 25 cent incandescent lamp _ will 
amount to nearly $2.50 before the lamp 
burns out. The efficiency with which a 
lamp converts electric power into usa-" 
ble light, then, is an important factor 
in considering lamp value. 


YOU CAN’T GET 
BOTH HIGH EFFICIENCY 
AND LONG LIFE IN 
INCANDESCENT LAMPS 


General service incandescent lamps 
are designed so that the ratio between 
life and efficiency results in lowest 
overall lighting cost for the average in- 
stallation. When efficiency is_ in- 
creased, lamp life is shortened. When 
lamp life is extended, efficiency goes 
down. Occasionally it makes sense to 
sacrifice efficiency for long life; for in- 
stance, when installing ‘long life’’ re- 
flector lamps in inaccessible loca- 
tions to minimize the high mainte- 
nance costs. 


LIFE EXPECTANCY 


SPLITTING HAIRS IS 
IMPORTANT IN MAKING LAMPS 


The filament wire. in some incandescent 
lamps is only 1/5 the diameter of a human 
hair. A variation of only 1% in this tiny diam- 
eter can affect lamp life by 25%. Needless to 
say, it takes precision equipment and care- 
ful workmanship to insure that millions of 
bulbs a year pass Champion's rigid quality 
inspections. 


THESE LAMPS EXPECT 
ROUGH TREATMENT 


In order to withstand abuse such as 
shock encountered in extension cord 
service, Rough Service lamps employ 
as many as 14 supports on the fila- 
ment. Vibration Service Lamps also 
have special supports to withstand 
high frequency vibration such as pro- 
duced by high speed machinery. 


CHAMPION LAMP WORKS, Lynn, Massachusetts 
CHAMPION INCANDESCENT-FLUORESCENT « Your BEST BUY IN LAMPS 


Catalogs & 
Bulletins 


(18) PORTABLE DISTRIBUTION. Bul- 
letin TL-8, 8 pages, covers Porta- 
Watt systems for attachment to 
portable generator on truck or 
trailer, furnishing light and power 
for construction crews. Tuffline 
Div., Whitney Blake Co. 


(19) DISTRIBUTION TRANSFORMERS 
for floodlighting installations. Bul- 
letin GEA-5688 2 pages, de- 
scribes pole-type units. General 
Electric Co. 


(20) FLOODLIGHTS. 6-page catalog 
illustrates complete line of water- 
proof aluminum outdoor  bullet- 
holders plus single, cluster, and 
pendant fixtures. Catalog LP-A 
Stonco Electric Products Co. 


(21) NEMA STANDARDS publica- 
tions currently available covering 
electrical manufacturing equipment 
are listed in new 1960 Guide, in- 
cluding brief descriptions of 20 new 
books produced last year. National 
Electrical Manufacturers Assn. 


(22) DISTRIBUTION EQUIPMENT. 84- 
page “Buy Log” covers low-voltage 
equipment including service en- 
trance equipment, safety switches, 
wireway, circuit breakers, switch- 
boards, motor control centers, and 
busway. General Electric Co. 


(23) ALUMINUM FITTINGS. Con- 
densed version of general catalog 
describes complete line of conduit 
bodies, connectors, couplings, boxes, 
receptacles, and others. Killark 
Electric Mfg. Co. 


(24) DISTRIBUTION HQUIPMENT. 
800-page catalog describes heavy- 
duty electrical transmission and 
distribution equipment for commer- 
cial, industrial, residential, and 
government institutions, with spec- 
ifications and prices. Continental 
Electrical Equipment Co. 


(25) RELAY TESTING. Booklet con- 
tains information on line of testing 
units, with field experience data on 
classification of tests and test pro- 
cedures. MULTI-AMP Div. 


(26). MAGNETIC STARTERS. Bulletin 
PL 12-8-160, 8 pages, gives engi- 
neering data on full range of sizes, 
0 through 4. Clark Controller Co. 


(27) WiRE REELS which may be } 
adjusted to fit truck beds, sides of | 
truck bodies, and pipe rails are de- 
scribed in Bulletin 60010-CM8. 
Line Material Industries. 
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(28) Motors, 4 threugh 10 hp, 

_ available with resilient mountings 

for quiet operation in hospitals, 
churches, and theatre air-condi- 
tioning applications are described. 
Wagner Electric Corp. 


q 
fs 
7 

; 


(29) TEMPERATURE - MEASURING 
Tempilstiks for checking tempera- 
tures of rotating parts and cooling 
objects are discussed in new data 
sheet. Tempil Corp. 


— (30) SQUIRREL-CAGE Morors, 1 hp 
and larger. Bulletin MU-244 covers 
_ electrical and mechanical features 
4 of totally enclosed dripproof poly- 
_ phase motors for close-coupled cen- 
_ trifugal pump applications. Wagner 
_ Electric Corp. 


(831) BALLAsTs for fluorescent 
lamps. 4-psge Technical Letter 
_ 1-008 describes new solid-fill Dri- 
; Lok ballasts which cannot leak. Jef- 
_ ferson Electric Co, Inc. 


(32) WALL FASTENERS. Informa- 
tion on attaching light- and me- 
_ dium-weight fixtures to walls with 
_ anchors using wood or sheet-metal 
- screws is given in new bulletin. 
Star Expansion Industries. 


(83) BALLAST technical engineering 

service, available on 24-hour basis 
_ without charge to aid in design, in- 
_ stallation and trouble shooting. 
Universal Mfg. Corp. 


_ (84) CONDUIT BENDING. New 12- 
_ page booklet gives tips on bending 
rigid steel and aluminum conduit 

and EMT, with step-by-step in- 
structions on angle bends, stub 
lengths, back-to-back bends and 
_ offsets. Appleton Electric Co. 


# (35) FisH TAPE. Bulletin describes 
4 Flexi-Strand round fish tape for use 
i dustries, Inc. 


with aluminum conduit. Jdeal In- 


(36) Dry-TyPpE TRANSFORMERS for 
| light, power and control. 4-page 
i Bulletin S-202C describes complete 
line. Standard Transformer Co, 


4 (87) AUTOMATIC RECLOSERS. Bul- 
_ letin GEA-7023, 8 pages, gives de- 
tails of Type HR reclosers used for 
- overcurrent protection on suburban 
and rural distribution systems. 
_ General Electric Co. 


| (88) LicHTING FixrurrEs. Three 
new brochures describe exit and 
aisle lights, pendant and spin-up 
type contemporary luminaires, and 
round and square drum ‘lights. 
_ Prescolite Mfg. Corp. 


| (89) Epoxy ResiIns—application to 
_ stators, armatures, field coils, trans- 
formers and other specific equip- 
| ment. John C. Dolph Co. 


make it easy 
on the corners... 


IDEAL PULLING ELBOWS 


are the easy way around 


= 
wos 


Make it easy on yourself, and on the 
wire, by smoothing the way around 
corners with Ideal Pulling Elbows and 
Pulling Adapters. They’re precision ma- 
Bs chined of malleable iron for perfect 90° 


fit. The steel covers have big screws for 
quick and easy installation or inspec- 


| 
| 
| 
i 
fe 
p 
@ 
Bed 


tion. Elbows and covers are cadmium 
plated, chromate treated, and have full 
neoprene gaskets. Milled surfaces insure 
smooth sliding for wire, and tight fit for 
gasket and cover. 


PNF TYPE PULLING ELBOW 


Two female threaded hubs at 90” 
angle. Domed cover, full gasket. 
Sizes 14” through 2”. 


PNH TYPE PULLING ADAPTER 


Two hubs, one female threaded, 
one male threaded, at 90° angle. 
Domed cover, full gasket. Sizes 14” 
through 2”. 


“1” TYPE PULLING ELBOW 


Two female threaded hubs at 90° 
angle. Swing style steel cover at- 
tached to malleable iron body. Angu- 
lar opening permits straight wire 
pull. Furnished with gaskets. Sizes: 
yA", 34” and 1”, threaded. 


| 


@\. 1. Inc., 1960 


SEE YOUR WHOLESALER, OR MAIL THIS COUPON. Attach to your letterhead. 


COTHSSHHTHOSEHOHCHEHOEHOHHOHHTOHHT EHEC OHHHHHHEBHO EH ORG 
. 


IDEAL INDUSTRIES, INC, © 1041-€ Park Ave., Sycamore, IIlinois : 

Please send complete data on Ideal Pulling Elbows and Adapters. ° 

* 

. 

Name—____—___—_—_—___ Pi 
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For lots of threading, cutting and reaming 


Just 1 Universal Die Head and 2 Sets of Dies 
Threads 343” to 2” Pipe and Conduit 


—Two sets 
of dies do the work of six... 
adjust to size right in machine. One 
set for 4’’ and 34’’; the other for 1’’, 
14"’",1%” and 2”. All other RIESIDp 
quick-opening pipe and bolt die 
heads and dies can be used. 

— Quick flip of 
throw-out lever retracts dies in- 
ee after thread is cut. 

— RIESID Speed 

Chuck grips tight, forward or re- 

verse .. . sets and releases fast by 

hand. Tools swing out of way for 

chucking of short lengths from front. 

— Cam-action 

rear-centering device gives extra 

support for long pipe lengths. . . 
no wobble. 

— Roll-type 

cutter with large easy-to-turn 


handle has full-floating action for 
smooth cuts, even on out-of-round 
or bent pipe. 


— Five heat- 
treated straight cutting flutes ream 
1%"’ to 2” pipe or conduit fast and 
smooth. 

— Self-contained oil 
system has vane-type pump that 
circulates oil when nozzle is posi- 
tioned for threading. 

r > —Slid- 
ing indicator gives accurate cut-off 
and thread lengths. Large lathe- 
type handle controls tool move- 
ment. 

—Fast, trouble-free 
universal-type % h. p. motor, re- 
versible at switch, easily threads 
up to 12” pipe with geared tools. 


See and Try the Time-Saving RIG 535 at Your Supply House! 
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(40) SpotLicHts which slide i 
track and may be moved at an 
time to fit lighting effects t 
changes in displays, etc., are coy 
ered in 6-page booklet A-477. Aw 
plex Corp. 


(41) Pump Motors. 8-page Bu 
letin F-2000 contains details of sul 
mersible motors for 6-, 10- an 
14-in. well diameters. U. S. Elee 
trical Motors, Inc. 


(42) PORTABLE CorRDS and cable 
New 52-page manual gives prope: 
ties of 600-volt portable cables an 
mine power cables. Kaiser Alum 
num & Chemical Sales, Ine. 


(48) PROTECTIVE EQUIPMENT fc 
linemen. 82-page catalog describe 
and illustrates rubber gloves ar 
sleeves for use in working with hig 
voltages. Charleston Rubber Co. 


(44) CABLE SPACERS. Bulletin di 
scribes Wraparound spacers whic 
support and space phase conducto 
in compact aerial cable syster 
PLM Products, Inc. : 


(45) INSULATING VARNISHES. 
lection chart gives characteristic 
recommended applications, and cor 
patibility with various magnet wi) 
coatings. John C. Dolph Co. 


(46) CONTRACTORS AND STARTER: 
Bulletin GEA-7020, 20 pages, co: 
tains information on magnetic co’ 
trols in NEMA sizes 0 ts 
General Electric Co. 


(47) TRANSFORMERS. Brochure 1° 
covers entire line of both oil-cool! 
and dry-type lighting transformer 
Niagara Transformer Corp. 


(48) LIFTING MAGNETS for scr! 
handling. Bulletin 3021 describ 
lightweight, heavy-duty uni’ 
Stearns Magnetic Products. 


(49) INFRARED OVENS and comy’ 
nents for metal processing apr 
cations are covered in 8-page B 
letin 57-108. Fostoria Corp. 


(50) Motor ContTrRoLs, Type 
magnetic starters and contacto 
NEMA sizes 0 through 5, are « 
scribed in new bulletin. Arrow-Hi 
& Hegeman Electric Co. 


(51) RLM SPECIFICATIONS bor 
1960 edition, features three ni 
specifications and revisions to exif 
ing industrial lighting specifi} 
tions. RLM Standards Institute I) 


(52) SwitcH CUBICLES. Bulle’ 
18x9442 covers Type Q cubicles : 
housing manually operated disc: 

nect switches for either load brek 
or isolator duty. Allis-Chalmis 
Mfg. Co. 


You Can Do 
ItFASTER 


with 
BAKER 
SCAFFOLDS 


IN SINGL 
INGLE UNITS Thie ! 


You Can Do 


The most complete line for splicing 
: pa esti and rubber insulated cables 


mN MULTIPLE UNITS 


You Can Do Thig 


...and many more combinations 


oes g for splicing polyethylene insulated cable 


BI-SEAL Self-Bonding (polyethylene base) Electrical 
Tape is particularly recommended as the primary in- 
sulation for low and high voltage polyethylene insu- 
lated wires and cables. Extremely low water absorption 

. low power factor... low dielectric constant. Oper- 
ating temperature to 85°C. 


for general insulating and jacketing 


VINYL Electrical Tape No. 1 & No. 2, .007” and 
-010’ thick, offers complete electrical and mechanical 
protection for most taping problems . . . Improved 
method of bonding adhesive prevents transfer, gives 
greater strength... For better looking, more compact 
splices, 


_ for rapid insulation build-up 


No. 125: Electrical Filler Tape, Ye” thick, fuses 
into a solid mass of high-dielectric insulation in a 
matter of seconds. This insulating compound in tape 
form is ideal for cable splice build-up, padding and 
cable end-sealing. 


AKER SCAFFOLDS will do the job faster with 
‘greater safety. Check your telephone directory 
tr the name of your local BAKER SCAFFOLD 
stributor or write to the address below. 


for permanent cable jacketing 


BI-PRENE Electrical Jacketing (neoprene) Tape 
protects cable splices wherever oil, gasoline, grease, 


etc., threaten cable life . .. Particularly for neo- 
BA kK E R prene-sheathed cable... Forms a permanent outer 
sheath, 


‘SCAFFOLDS 


SIGNED FOR PORTABILITY ° BUILT FOR DURABILITY 


: for high voltage cable splicing 


No. 30 High Voltage Splicing Tape is recommended 
for splicing cables insulated with ozone-resistant rub- 


apts Gast, ber compounds and operating in excess of 2000 volts. 
Bulletin ## 603 This butyl-base tape handles exceptionally well in cold 


weather. 


NEW “‘NEOFIL” (neoprene) Electrical Filler Tape. A Ye’ 
thick neoprene compound in handy tape form — for low volt- 
age use. Insulates in one wrap! No covering tape neededl 


BAKER-ROOS, INC. ss 
P. O. Box 892, Indianapolis 6, Indiana 


Gentlemen: Send the folder described on 
Baker Scaffolds without obligation. ecaq Soe aa sent sagen 
Name. 
Organization. fet eae ee 
Address 


4 (GRRE Sle SE) | Saar eae og 4 
ISTRIBUTORS IN PRINCIPAL CITIES 


A ‘BISHOP MANUFACTURING CORPORATION 
Asan 6 Canfield Rd., Cedar Grove, Essex Co., N. J. 
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... and for 


NEARBY 
SERVICE... 


Black & Decker 


tools. Black & Decker 
maintains 50 factory ‘service 
branches plus authorized serv- 
ice stations to give your B&D 
tools the attention mechanical 
products need periodically. 
Keep your B&D tools in top 
condition, on the job all the 
time. 

Only factory parts and fac- 
tory-approved methods are 
used. Fast service and reason- 
able cost, always. 


SWIFTY SERVICE says 
be sure to ask about: 


FREE TOOL INSPECTION 
no cost, 
no obligation. 


STANDARD B&D 
GUARANTEE after 
completion of all 
recommended 
repair work. 


You’ll find the loca- 
tion of the nearest 
B&D repair facility 


in the Yellow Pages under ““Tools- 
Electric,” or write for address to: 
THE Buack & DECKER Mec. Co., 

Dept. 1205-S, Towson 4, Md. 


watts....... 4,100 10.8 4,100 31.3 yoom. 
Quality Tool Service Totals.......45 38,100 100.0 13,100 100.0 
290 ELECTRICAL CONSTRUCTION AND MAINTENANCE ... MAY, 1960 


Reader's Quiz 


QUESTIONS from readers on problems of industrial equipment, installation, maintenance and | 
repairs. Answered by electrical maintenance engineers and industrial electrical contractors — 
out of their experience. For every question and every answer published we pay $5.00. jf 


Heat from Lighting 


QUESTION P37—In our local high 
school we have a heat problem 
which is due to incandescent light- 
ing. One room where they seem to 
have the most trouble, there is 3300 
watts. One engineer says if fluores- 
cent lighting had been used the 
trouble could have been eliminated. 
Another engineer said that would 
not make much difference. Which 
engineer is correct? How many 
Btu’s will 1000 watts of incandes- 
cent light give off? 

Does 1000 watts of incandescent 
lighting heat as much as a 1000- 
watt electric heater? In other 
words, is part of incandescent light- 
ing heat or other types of losses?— 
M.D. 


ANSWER TO P387—Classrooms 
may become overheated even when 
the outside temperature is as low as 
30°F in some cases, if the classroom 
has relatively large window areas 
and a south exposure. Let us as- 
sume the total heat gain to the 
classroom in question for two cases 
is as follows: 


SOUTH NORTH 
EXPOSURE % EXPOSURE % 


Btu /Hr Btu/Hr 


Heat from sun.. 25,000 55.2 None None 
Heat from pupils 9,000 19.9 9,000 44.3 
Heat from 3300 

watts... ...66 11,280 24.9 11,280 55.7 


Totals yisninses 45,280 100.0 20,280 100.0 


So you see, if the overheated 
room is facing north the lights are 
contributing proportionately much 
more to the overheating of the 
room than if they were in a south 
facing room; but not as much as 
body heat or solar heat in either 
case. 

Consider what would happen if 
fluorescent lamps were substituted 
for incandescent. Assuming the 
same fixture efficiency, 1200 watts 
of fluorescent lighting (including 
ballast losses) will produce approxi- 
mately the same light as 3300 watts 
of incandescent lamps. 


SOUTH NORTH 
EXPOSURE % EXPOSURE % 


Btu/Hr Btu/Hr 


Heat from sun.. 25,000 65.6 None None 
Heat from pupils 9,000 23.6 9,000 68.7 
Heat from 1200 


To give a more tangible example, ~ 
let us estimate the effect of the ~ 
light on the room temperature — 
under the following conditions: (1) 
heat from sun, 25,000 Btuh; (2) 
heat from pupils, 9000 Btuh; (8) - 
outside temp., 60°F; (4) no ventila- © 
tion air; (5) heating units off. 


South Exposure 
Incandescent lights on 


(8300: watts) * ooo .. state oie 109° F - 
Fluorescent lights on a | 

C1200 watts iis reser. 101° F §f 
Alislights:0fksrak azrovlreree 97° W's 


North Exposure (no sun) 


Incandescent lights on | 
(83800 -watts) 0feinem ae 82°F - 


Fluorescent lights on 2 
(2200 swatts))<o0 Wena eres 74°F 
Albilights off 33 fee crocs 70° Ei 


In answer to your questions: (1) ~ 
Which engineer is correct? I be- 
lieve that both engineers are partly 9 
correct. The difference in the room § 
temperature of 8° F between that § 
using fluorescent and that using in- 
candescent is not to be disregarded; 
however, as you can see for the con- § 
ditions described, using fluorescent 
would not eliminate the overheating” 
problem in the south exposed room. 
Mechanical ventilation of class- 
rooms is required by law in some: 
states and should be used in every 
case. Mechanical ventilation could 
be used to bring in outside air for 
cooling and would eliminate most 
overheating problems when the out- 
side temperature is 60° F or below. 
Incandescent lights are usually the 
least expensive to install. Operation 
costs are higher; however, the heat 
from lights can be considered as 
part Jof the heating system to re-' 
duce its operating costs. With the 
facts as stated, I would recommend 
keeping your incandescent lighting 
system and provide mechanica: 
ventilation, if necessary. If year: 
round mechanical cooling is neces: 
sary you should use fluorescent 
lamps. 

(2) How many Btu’s will 100 
watts of incandescent light give 
off? Answer: 3418 Btu per hour, « 
small portion of which may be 
transferred by radiant energy 
through the windows to outside thy) 


(3) Does 1000 watts of incan 


| 
: 
| 


DRILLING 


cut man-hou 


... with Black & Decker’s 
Electric Hammer Line 


2200 cutting blows a minute... that’s how fast a 
Black & Decker Electric Hammer can break up 
masonry, scale weld splatter, channel in concrete 
or drill a hole. Man-hours drop . . . output soars! 
Every Black & Decker Hammer is power-packed to 
dish it out .. . ruggedly-built to take it . . . user- 
designed for easier operation. But see for yourself. 
Clip and mail this coupon NOW ... or see your 
nearby B&D distributor. Four models, 4" to 2” 
star drill capacity. 


we D oc. ye 


QUALITY ELECTRIC TOOLS 


A HAM FOR EVERY JOB—a size for every need —that’s the B&D 
Electric Hammer line! Four models give you a choice of 72”, A Ne Ai 
and 2” drilling capacity in concrete. And power-packed B&D Hammers’ 
many patented features put them head and shoulders above the rest. 


Tue Biack & Decker Mra. Co., Dept. 1205 
Towson 4, Maryland, (In Canada: Brockville, Ont.) 
Cc Please arrange a demonstration of a B&D Hammer. 
C Please send additional information on, 


Perrrrrrt iri) 


Company.-------------------------- 


Address... -------------- nnn nnn wenn nnn en eee n nnn nn nnn n enn eneewecenerornnen 


O Bench Grinders 


City- 


O Drills 


a 


O Sanders D Scruguns® 


Five General Electric cables that solve 


How to distribute a little 
heat over a large area 


Wherever a little heat will do a lot of work, G-E 
heating cable is your best answer. G-E heating 
cable can be used to keep liquids in pipes from 
freezing, to prevent viscosity changes in piped 
liquids when the temperature outside the pipe 
varies widely, and to melt snow on outdoor side- 
walks, walks and steps. 

The principal use for heating cable to date has 
been to prevent freezing of water pipe, oil lines, 
and other liquid or semi-liquid supply lines. It’s 
particularly suitable for installations where even 


the most efficient thermal insulation is insufficient 
to prevent a critical temperature change in the 
piped liquid. 

G-E Wire and Cable distributors stock two types 
of pipe-heating cable, Deltabeston* lead-jacketed 
asbestos heating cable, which dissipates heat at 
the rate of seven watts per foot, and silicone rub- 
ber heating cable that dissipates heat at 10 watts 
per foot. 

Also available is Deltabeston lead-sheathed 
Flamenol jacketed heating cable specifically de- 
signed for melting snow. In light traffic areas 
(walks and outdoor stairways) this heating cable 
can be embedded directly in concrete or blacktop 
without any additional protection. 

If there’s a spot in your plant that needs G-E 
heating cable, and you want to find out more about 
what it costs and how it works, check off ‘‘Heat- 
ing Cable” in the coupon, fill in your name and 
address, and mail it to G.E. We'll send you an 
interesting 10-page booklet that contains all the 
basic information. 


Cutting the cost 
of outdoor lighting if 


Storage yards, truck docks, loading areas, plant 
exteriors — you can light them up brightly and 
safely without costly duct systems when you use 


G-E Flamenol* underground feeder cable (Type 
UF). This is the cable that’s designed to give 
years of service buried direct, even in wet or cor- 
rosive soil, All the protection it needs is built-in: 
insulation and jacket are made of oil-, acid-, alkali 
and moisture-resistant Flamenol. 

Since you can bury this cable direct, you get 
high-grade underground wiring at much lower in- 
stalled cost. 

Incidentally, the properties that make Type UF 
cable ideal for underground installation also rec- 
ommend it for internal wiring, installed in the 
hollow spaces of interior or exterior masonry, or 
embedded in plaster. 

G-E Type UF cable is available in single con- 


ductor, and in two- or three-conductors with or 
without ground wires. All three types are avail- 
able for immediate delivery from G-E distribu- 
tors. To get more information about G-E Type UF 
Cable, fill in the coupon below, check the square 
marked “Type UF,” and mail it to G.E. 


Safe gas-station wiring 
without lead armor 


It’s no longer true that you need the strength of 
ten to wire a gas station, because General Electric 
has taken the lead out of gas station wiring. G-H 
Geotrol wire is much lighter than lead-sheathed 
cable, but it’s as durable as leaded cable when it 
comes to resisting deterioration due to oil and 
gasoline vapors. 

The job costs less with Geotrol, too, because it 
is priced considerably lower than lead-covered 
cable. And Geotrol makes the job go faster because 
it’s so easy to work with. It has a smooth, hard 
finish that’s a cinch to pull through conduit. It 
comes in five bright colors, so you ean tell instantly 
which circuit is which. And it’s easy to strip and 
simple to connect with standard fittings. 

You can get all the Geotrol you need, promptly, 
from your G-E distributor. If you want a little 
leaflet with all the facts on Geotrol, for future 
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Many industrial problems... quicKiy 


reference, fill in the coupon, check “Geotrol,’” and 
mail it to G.E. 


Wiring to machine tools for 
maximum flexibility 


Progress being what it is, chances are that a 
machine tool that’s fine where it is now will be 
needed somewhere else in the plant a year from 
now. No cause for alarm, however, because with 
General Electric Flamenol bus-drop cable you can 
easily move machinery from one location to an- 
other without rewiring the whole system. 

Installation flexibility is just one reason why 
G-E Flamenol bus-drop cable is a good choice. It 
has a remarkably long service life, too. The Flam- 
enol jacket is made to resist all kinds of mechani- 
cal abuse. Flamenol takes no nonsense at all from 
oil, grease, acids, and alkaline cutting fluids. 

Next time you’re faced with the prospect of 
connecting low-voltage plug-in distribution buses 
with machine tool units, tell your G-E distributor. 
He has Flamenol bus-drop cable right in stock, 
and he can give you all you need without delay. 
If you simply want information for your file, G-E 
has a leaflet with complete information and speci- 
fications. You’ll find this leaflet helpful for pre- 
liminary planning, and you can get a copy by fill- 
ing in the coupon, checking ‘‘Flamenol Bus-drop 
Cable,” and mailing it to G.E. 


and soil acids. It’s flexible and easy to handle, but 
tough enough to resist abrasion damage. 

Here’s just a partial listing of some of the jobs 
Versatol Geoprene can handle: power distribution 
networks; lighting circuits; control circuits, such 
as leads from temperature-recording devices on 
rotating equipment to the switchboard; leads from 
current and potential transformers to the switch- 
board; motor leads. 

The chart below shows you the relative price 
advantage of Versatol Geoprene compared with 
other common types of cable for direct burial. 
Check it through, and if you find you need more 
information on Versatol Geoprene, mark it off on 
the coupon and mail it to G.E. 


Versatol Geoprene 
(using 3 single conductors) 


O 
O 50 100 150 200 250 300 350 400 450 
Amperes 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


Vchesap nipieteere tin estaii cert ar ake tea & ttets ian os ter ae ad ee td ia | 
| General Electric Company | 
| Wire and Cable Department | 
A til | ti t | Section W253-518 | 
versa I e so iy ion 0 | Bridgeport 2, Connecticut | 
many wiring requirements : Please send me Information on each of the products checked ) 
below: 
| [_] Heating Cable | 
Here’s a competent and practically universal cable | L_] Type UF ns Ca is fata Cable I 
‘ AGE Wis haan 

that’s suitable for almost any 600-volt power ! S ad a aS bios Calie ie 
or control circuit for 75° C operation: G-E Ver- | i Vaisstal Géontene Cable i 
satol* Geoprene* cable. Most types of Versatol | | 
Geoprene perform just as well whether they’re in | Name—_—____________Title : 
an exposed overhead location, run through con- Company 
duit, or buried directly underground. Versatol | Address 

Geoprene resists sunlight, moisture, oil, alkalies | City Zone State 
*Registered Trade Mark of General Electric Company | a a a el eul'anl Gad'ae ares 
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MARCUS 


TRAN SFORMERS 


IN ALL 
TESTS: 


. x 
RARKASENS RAANASAERS 


rc 
i 
i 


q 
! 
i | 


From brawny, liquid-filled transformers 
| outside of the Math and Physics Building, 
| Field House, and Fine Arts Building, to 
| whisper-quiet dry type units in the class- 

rooms, laboratories, and dramatics hall, 
the University of Wichita uses Marcus on 
transformers for dependable, trouble-free | UNIVERSITY 
performance. : wicnira 

All Marcus transformers, both dry and 

liquid-filled score ‘excellent’? in factory 
tests. Loss tests, hi-pot tests, impulse tests, 
and sound-level tests are passed with 
flying colors. For full power and guaran- 
teed satisfaction, specify Marcus for your 
next transformer installation. 


ee ee VE: 


“RAHWAY, NEW JERSEY 


A COMPLETE LINE OF DRY TYPE AND LIQUID-FILLED TRANSFORMERS THRU 5000 KVA 
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descent lighting heat as much as a 
1000-watt electric heater? For all 
practical purposes, it does. 

(4) In other words, is part of 
incandescent lighting heat or other 
types of losses? For all practical 
purposes, the heat equivalent of all 
the electrical input to any lighting 
system contributes to the atmos- 
pheric heat of the space in which 
the lights and auxiliary equipment 
are located. 

We have found that one of the 
causes of classrooms being over- 
heated is uncontrolled or improp- 
erly controlled heating equipment. 


—8.G.F 


ANSWER TO P87—An electric 
light, be it incandescent or fluores- 
cent, has only one function to per- 
form, which is to convert as much 
of the electric energy supplied as 
possible into the visible energy of 
light. It is not a very efficient in- 
strument, since a majority of the 
energy supplied is being wasted as 
far as production of light is con- 
cerned—it is converted directly into 
heat. 

Some of this unwanted heat is 
dissipated by conduction and con- | 
vection—heating of surrounding 
matter and air by direct contact. 
A good part of this heat is radi- 
ated directly into the surrounding 
space. The radiant heat is not of 
the same intensity as in the case of 
a heater, which, after all, is de- 
signed to transform the electric 
energy into radiated heat with only 
a small part of the energy appear- 
ing as light. The heater is more 
efficient as a radiant heat source 
and its effects are felt much sooner 
than from a lamp of the same watt- 
age. 

As far as the heating of the room 
is concerned, 1000 watts lighting 
load will produce identical amount 
of heat as the 1000-watt heater, 
since ultimately the light, too, is 
transformed into heat by the 
lighted surfaces and the surround- 
ing media. It may be mentioned — 
here ‘that light and radiant heat 
differ only in the wave length, both 
being a form of radiant energy. 
The band of visible energy or light 
extends from 4000 to 7000 Ang- 
stroms, while the radiant heat oc- 
cupies the band above 7500 A in the 
electromagnetic spectrum. | 

Since 1000 watts is equal to 56.89 
Btu/minute, the 3300-watt lighting 
load produces approximately 187.74 
Btu/min. It does not make any dif- 
ference whether this is incandes- | 
cent or fluorescent load as long as 
the electric power input is the same 
for both. 

However, the incandescent light- 
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ou SAVE 


070 of more 
When You Buy 


Chalfant 
ALUMINIZED 
STEEL 
CABLE RACKS 


@ The first cost is lower... The 
Life is longer... The material is 


stronger! Your best buy for fast instal- 
lation and superior performance is Chal- 
fant Aluminized Steel Cable and Tubing 
Racks with exclusive boltless crimp-type 
splice plates. 


@ 17 year tests prove a life 3 years 
longer than standard zinc coating on 
galvanized steel . . . Chalfant Alumin- 
ized Steel Cable Racks have a higher 
heat resistant rating than galvanized 
steel... In salt spray tests, aluminized 
steel lasted 3 times longer than gal- 
vanized stee]! 


Write for Literature 


Chalfant tin. ® 


11523 Madison Ave. * Cleveland 2, Ohio 


... Section 220-3 (b) of the 1959 
National Electrical Code states... 


“For the small appliance load in 

kitehen, laundry, pantry, dining room and 
breakfast room of dwelling occupancies, 
(1) 2 or more 20-ampere branch circuits 

in addition to the branch circuits 

specified in paragraph 220-3 (a) shall be 
provided for all receptacle outlets (other 
than outlets for clocks) in these rooms, and 
such circuits shall have no other outlets.” 


Designed to provide full compliance with the revised Code, Circle 
F’s new No. 2532 does much more! It becomes a “universal” outlet! 
It accommodates appliances, heavy-duty portable tools, business 
machines, etc., having substantial energy requirements, where the 
new 20 A.-125 V. plug cap (No. 2528) is necessary. It also accom- 
modates 15 A.-125 V. 3 wire U-ground and standard parallel blade 
caps. One outlet for all! Circle F’s quality is tops and the price is 
right. Contact your Circle F representative for complete details, 


ELECTRICAL 
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Wherever you are, whatever you want—Keystone has a complete 
line of quality wiring installation equipment ready for immediate 
delivery! Coast-to-coast warehouses stock all sizes, shapes and types 
of UL, listed wirewaya and auxiliary fittings, cabinets, boxes and 
enolosures==d, 1, C, equipment, too, So, for prompt service all ways— 
you'll find it always... pays to figure on Keystone, 


KEYSTONE MANUFACTURING Co. 


29990 Sherwood Avenue ¢« Warren, Michigan 


ing requires more power to produce 
a given illumination level than the 
fluorescent lamps due to higher 
luminous efficiency of the fluores- 
cent lamp. 

This may be illustrated in the fol- 
lowing way, The mean lumen out- 
put of 40-watt fluorescent lamp 
(preheat start, 48 in., SCW for ex- 
ample) is about 54 lumens/watt, 
while an incandescent lamp of same 
wattage produces only about 11 
lumens/watt. Therefore 3300 watts 
of incandescent lighting load would 
produce 86,300 lumens, To obtain 
this amount of light from fluores- 
cent 40-watt lamps only 17 units 
would be required, Assuming 11- 
watt ballast loss for each lamp, the 
power requirement is only 3867 
watts, approximately, with result- 
ing heat output of 49.32 Btu/min. 

While the above computations 
appear to indicate the superiority 
of fluorescent over the incandescent 
lights in view of the resulting heat 
problem, other design requirements 
not mentioned may not have per- 
mitted the use of the fluorescent 
lamps for this installation.—A.A.B. 


ANSWER TO P87—You haven’t 
given enough detail, such as your 
climate, location of your hot class- 
room with respect to sun condi- 
tions, ete., to completely analyze 
your problem, 

The engineer who suggested 
fluorescent lights was undoubtedly 
referring to the much higher 
lumens per watt ratios you obtain 
with fluorescent over incandescent 
lamps. Commercial fluorescent 
lamps yield about 70-75 lumens/ 
watt as against under 20 lumens/ 
watt for incandescents. What this 
means is that you could get exactly 
the same quantity of “seeing” 
light in your classrooms with only 
about 1000 watts of fluorescent 
lamps as you now obtain with 3300 
watts of incandescent lamps. 

If this were done, the new light- 
ing system would save 2800 watts 
of heat in your classroom—also a 
very sizable savings in your power 
bill. To answer your last question, 
I think you would be safe in assum- 
ing that 1000 watts of incandescent 
lamps gives off into the area as 
much heat as a like size electric 
heater. 

Although I do think that the 
above will definitely help correct 
your problem, I think you should 
seek further other areas of ab- 
normal heat gains for the class- 
room, such as uninsulated steam 
lines under the floor, too much sun 
exposure, roof reflecting materials, 
wall insulation, ete.—I.G.B. 
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ONE 
TIME... 


CLOCKS 


SIGNALS 


RECORDERS 


.-- THROUGHOUT YOUR 
PLANT WITH A 


MH, A. 4 simple, effective 


anti-corrosion 
treatment 


DISPLACES AND 
SEALS OUT MOISTURE 


MAINTAINS 
ELECTRICAL CONSTANTS 


FOR ELECTRICAL AND 
RONIC EQUIPMENT 


CRC 2-26 forms a molecular film that 
penetrates grain boundaries, cracks, 
pores, and scratches, drives out any 
moisture present and clings to surfaces 
to prevent future deterioration of mate- 
rial and electrical characteristics. 


It is applied to new and in-use equip- 
ment for protection of insulation, bare 
metal, painted and plated surfaces. Will 
restore and maintain resistance in mo- 
tors, generators, printed circuits, panels 
and similar equipment that has been 
submerged in water or is non-operative 
due to repeated exposure to wet at- 
mospheres. 


CRC 2-26 is a stable, inert compound; Available in 16 oz. aerosol cans, 
harmless, non-irritating and non-toxic. 1, 5, and 55 gallon containers. 


SEND FOR COMPLETE DATA INCLUDING LIST 
OF ELECTRICAL COMPONENTS AND TYPE 
OF DETERIORATION WHICH CRC 2-26 CORRECTS 


CORROSION REACTION CONSULTANTS 


116-A CHESTNUT STREET, PHILADELPHIA 6, PA. 
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Cabinet Convector Heater. Free-standing or 
semi-recessed wall mounting. Built-in thermo- 
stat available. Various sizes and wattages. 


New Trim Line Baseboard with Thermal Sentry 
that fully protects against any possible “‘over- 
heating.” 


Wall-insert Heaters quickly and quietly heat 
gamerooms, laundries, workshops, bathrooms 
. with thermostat or manual control. 


Forced Air Duct Heaters for use with air con- 


* ditioning systems, as boosters for existing 


heating duct systems, and for reheat. 


CHROMALOX etvectric HEAT GIVES YOU MORE 


... MORE COMPLETE LINE OF PRODUCTS 
... MORE CUSTOMER SATISFACTION ... AND MORE PROFITS 


For every home heating problem, 
Chromalox has a heater. New, lower 
baseboard design with unbreakable 
Chromalox tubular heating element, 
Chromalox Thermwire Ceiling Cable, 
Wall-insert or Floor-insert Heaters, 
Duct Heaters . . . even outdoor Con- 
crete Heaters, for installation in drive- 
ways, Walks and steps to prevent 
snow and ice accumulation. 

For new homes, modernization of 
existing homes, commercial or indus- 
trial installations . . . Chromalox has 
the complete line . . . the first step 
toward complete customer satisfac- 
tion. And there’s help nearby. 


Chromalox has a nationwide network 
of Sales-Engineering Representatives 
to help you engineer and sell 
Chromalox Electric Heat. For model 
home installations, cooperative ad- 
vertising and a complete merchandis- 
ing program are also available. 


Write today for Residential Heating 
Catalog F-1005-2. Special literature 
also available on Snow Melting 
(driveways, steps, sidewalks)... 
Swimming Pools (water heating, 
radiant comfort heaters, pool ap- 
rons)... Schools, Motels and other 
Commercial and Industrial comfort 
heating. 


SYrsay 


CHROMALOX ELECTRIC HEAT 


Edwin L. Wiegand Company 
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7500 Thomas Boulevard « Pittsburgh 8, Pa. 


would be good detection for bear- 
ings before they completely fail? 
We have experienced new bearinas }} 
which failed within a short period} 
causing a complete motor rewind.— 
E.S.H. 


ANSWER TO R387—In reply to this} 
question we naturally assume that} 
the bearings in question were prop- | 
erly selected for the application. 
From experience, I have found} 
that about 98% of ball bearing fail- | 
ures are due to one of, or a combi-} 
nation of, the following causes: 
No. 1 Improper lubrication—Cer- | 
tainly this is the major cause of} 
all ball bearing failures. Improper} 
lubrication includes insufficient asi 
well as excessive amount of lubri- 
cant. Excessive amount of lubricant } 
in ball bearings is one aspect of | 
bearing failures that is overlooked} 
but one that causes many bearing | 
failures. The natural tendency when} 
bearings overheat is to add lubri-} 
cant, which only increases the over- 
heating. 
No. 2 Hucessive bearing tension} 
due to drive belt or chains. : 
No. 3 Foreign material entering |} 
bearings through seals or injected} 
with lubricant. : 
Motor bearing failure can be de-| 
tected well in advance of one point} 
where the rotor will rub the stator} 
and an inspection program to detect | 
bearing failure is recommended. A | 
simple, inexpensive listening device |} 
made by James P. Marsh Corp., 
Skokie, Ill., can be used to detect} 
bearing failure. With its use and } 
experience, faulty bearings can 
readily be detected. } 
If E.S.H. will set up an inspec- | 
tion-listening program, lubricate} 
properly and adjust belt tensions | 
properly, his bearing failures and } 
motor burn out troubles will disap- } 
pear.—J.H.P 


ANSWER TO R37—Ball bearings 
that do not perform as per design, | 
and are progressing toward failure |} 
—generate heat that is in excess of | 
normal operating conditions. This 
heat could be detected by miniature 
thermal detection devices. These 
thermal protectors automatically | 
break the circuit when ball bearing 
temperature exceeds the preset} 
limit. These control and detective } 
devices are obtainable from Fen-} 
wall Inc., 113 Pleasant Street, Ash- 
land, Mass.—A.S.J. 


ANSWER TO R387—We have found } 
that bearings pick up an awful lot) 
of dirt before they are used. The} 
questioner does not state whether 
the new bearings have been in-! 


do all these wiring 

jobs and more with — 
just one BUCHANAN 
pres-SURE-tool 


ae use just one Buchanan C-24 
pres-SURE-tool to install both 
Buchanan Splice Caps and Buchanan 
Termend® lugs. Only two sizes of all- 
copper Splice Caps splice from 2 #£18’s 
thru 3 #£8’s or 2 #£6’s. Just one size all- 
‘copper Termend lug terminates from 1 
#16 thru 1 #8 (or any equivalent 
‘combination of 2 or more wires). 

Buchanan Splice Caps and Termend 
lugs are self-positioning in the tool and 
provide high strength, vibration proof 
connections. 


Beruslngs4 2 #18 thru 3 #8 or 2 abe 


iilitaiibe 


Terminating uJ #16 thre J #8. 


MMMM dieiiseie eS 


armani group of wires 
larger than 1 #8. 


pobeend 3 #6. 


ee 


Splicing 2 #4. 


Vo te -ssgenmnua mec 


Write for pres-SURE-TIPS 
~— showing how Buchanan 
pres-SURE--connectors do 
the work of two, three or 
four conventional solder 
or solderless devices, Ask 
for Bulletin EC-5. 


© € 


Approved for splicing 2 # 18 thru 3 #8 or 2 
“#6 and for terminating 1 416 thru 1 #8. In- 
Sulators approved for 600 volts on building wire, 
R me es in fixtures -in applications, to 105°C. 


STOCKED 

BY LEADING 
acu ( BUCHANAN 
EVERY WHERE Pe bec ine 
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/NUW:-GLOBE OFFERS... 


| two new INTERCHANGEABLE trays 


for support of cables, wiring and tubing 


* Engineered for uniform design and 
easy installation 


* Steel or aluminum construction 


* Complete accessories for 
SPEEDIER Installation 


%* No sharp edges to damage cables 
* Complete interchangeability 


Pat. Pending 


LADDER TYPE 


Now, for the first time, two types of 
cable trays, one a ladder type and the 
other a basket type, are available to be 
used INTERCHANGEABLY at any 
given location, depending on the type 
and weight of the cables to be suspend- 
ed. The advantages of each type tray 
can thus be used to the fullest extent. 
Globetray, the ladder type, is intended 
for use where festooning is not a prob- 
lem, while Cable-Strut, the basket type, 
is intended for the support of communi- 
cation wire, instrument tubing and control cables in automation applications. 

These two cable trays have been thoroughly field tested in hundreds of 
large industrial installations, in new plant construction, in power plants, in 
modernization, and for power distribution in all types of. manufacturing 
processes. A new catalog, just off the press, gives full information and in- 
stallation techniques. Ask for your FREE copy today. 


BASKET 
TYPE 


(One-piece construction) 


Distributors are to be found in all principal cities — 
consult the yellow pages in your phone book under 
A+ “Gratings” or “Conduits” for the one nearest you. 


PRODUCTS DIVISION 


Lhe GLOBE Company MANUFACTURERS SINCE 1914 
| 4032 SOUTH PRINCETON AVENUE, CHICAGO 9, ILLINOIS 
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POWER CIRCUIT 


LES 


The higher the short-circuit, the quicker 
Amp-trap Clears the fault and limits the 

current to safe levels, Remember .. . interrupting 
capacity is not protection without 

current limitation. Interrupts up to 

200,000 Amps. symmetrical over the entire 

Ampere range. Stops short circuits short. 
Anticipates and prevents destruction 
before it can occur. Faster than any ordinary fuse. 


Use Amp-trap on all general power circuits, DC circuits, Networks, 
Entrance Switches, Busways, etc. Be safe, not sorry 
ask for, get and install Amp-trap. 


There is one for every purpose. Write today, 
Amptrap® = Ahuabe A Whe Suleh ” 
THE CHASE-SHAWMUT co. 


374 MERRIMAC STREET +» NEWBURYPORT, MASSACHUSETTS 
Subsidiary of I-T-E CIRCUIT BREAKER CO, 


© The Chase Shawmut Co. 1960 


Sy 7) \ ry \ XY eae 


Tr-ongey EO" C.Q-1  TRONET® oe O-T oe 


Anipirap * 
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Bonding Conduits 


QUESTION Q37—In a group of si} 
24-in. conduits that come through | 
slab and are not joined to a junctio: 
box but are bonded by a groun! 
wire, what rule is applied to size of 
bond wire ?—V.S, | 


ANSWER TO Q387—In the NEC 
it allows three 300,000 CM cable 
in a 24 in. size conduit; also i 
Table 250-94 (a), sizes of groune 
ing conductors, it gives AWG NJ 
2 as the grounding conductor fc 
service conductors up to 850,00 
The No. 2 wire should be ample fc 
your bond wire on the size 24 if 
conduits.—HE.S.H. 

Hditor’s Note: The size of ti 
bond wire will depend on whethe 
the condwits contain service-er 
trance conductors or contain co 
ductors that are properly protecte 
by overcurrent devices. 

If the conduits are service raci 
ways, the provisions of Sectiow 
250-71 and 250-72 of the NEC rif 
quire @ continuity of ground for @ 
metal equipment and enclosure} 
One of the means of assuring such 
continuity is a bonding Jumper. 

Section 250-78 requires that § 
bonding jumper cannot be smalls 
in size than the correspondin 
grounding conductor, which fii 
services, is covered in Table 250-" 
(a) and (b). Assuming that ea: 
24-in. conduit contains three 8} 
MCM service conductors, Tabl) 
250-94 (a) and (b) would requi} 
a grounding conductor of not le 
than No. 2. Then, as stated in Se 
tion 250-78, the same size bondin} 
jumpers are required. ! 

On the other hand if the 24- 
conduits contain 300 MCM condu} 
tors that are protected by overcus 
rent devices, the size of the groun} 
ing conductor and bonding Juwmpe} 
are determined by Table 250-9) 
Normally, 800 MCM_ conductc} 
would have overcurrent protectt 
in excess of 200 amps. Therefo 
the) size of grounding conductor a: 
bonding jumper would be No. § 
(per Table 250-95) where overcr} 
rent devices protecting the 2 
MCM conductors are from 201 
400 amps.—J/.H.W. 


Ball Bearing 
Failures 


QUESTION R37—Most of the b 
bearing failures in electric mote 
cause the rotor to rub the sta 
which causes motor burnouts (s 
fore the protective device will ti} 
the current to the motor. Wh 


\ZLZITA 
-AC Voltmeter?/#] 
-AC Ammeter ?[#] 
-DC Voltmeter?) 
-DC Ammeter ?[44] 


3 Yes, the handy 
Esterline-Angus 
Multi-Purpose 
Recorder is all 4 


Here are some of the more popular 
combinations in which this Recorder 
is available. 


AC-DC Ammeter-Voltmeter 
0-50 MA*, 0-5 A AC; 0-100 MV DCT; 
0-150/300/600 V AC & DC, 

AC Ammeter-Voltmeter 
0-50 MA*, 0-5.0/10 A, 0-150/300/600 V. 

AC-DC Ammeter 
0-50 MA*, 0-2.5/5.0 A AC; 0-100 MV DC}. 

AC-DC Voltmeter 

0-150/300/600 V AC and DC. 


*0-50 MA range for use with split-core current 
transformer having 50 MA secondary. 


+0-100 MV range for use with 100 MV. shunts. 


Write us your requirements or send 
for Catalog Section 48. 
The 


Esterline-Angus 
Company 
No, 1 in fine Graphic Instruments 


for more than 50 years. 


DEPT. R, BOX 596, INDIANAPOLIS 6, INDIANA 


HAVE YOU TRIED THEM? 


FOR THE ASKING! 


| THE MODERN AL/YAALE ANCHORS FOR 
SCREWS AND NAILS! EXTERIOR .. INTERIOR 
| No SIZE confusion . . . number stamped on every Anchor! 
a 


Here's the low cost fastening device you can “use in any 

| KNOCK ANCHOR IN material you can drill'"—concrete, cinder block, tile, brick, 

DRILLED HOLE mortar, metal, etc. Anchors require small holes... save on 
drill costs and drilling time! 


Pittsburgh Testing Laboratory proved the holding power of 
"Hi" Plastic Screw Anchors—!,320 lbs. up to 3,900 Ibs., de- 
pending on anchor size! Unaffected by moisture, heat, cold or 


age... VIBRATION NEVER LOOSENS THEM! 


SAVE TIME and MONEY! 
BUY "EM IN HANDY PLASTIC KITS 
Just the thing for your tool box... Every electrician should 
have his own kit! 5 LOW COST KITS FOR SCREW SIZES 
#5 THROUGH #12 (Two kits include screws.) 


foots 


Here's a sample. . .the "Hi" K-6 "DO-IT-ALL” ANCHORING KIT if 


INSERT SCREW! 


ae A REAL BARGAIN! i 
@ 100 No. 12x I” Plastic Anchors NET PRICE, ONLY $4.95 , 
@ 100 Sheet Metal Screws wd . 
® One '/4" "'Hi-Twist'' Carboloy Tipped MONEY BACK 
Masonry Drill GUARANTEE 


NEW! "H 


PLASTERBOARD, PLASTER, TILE, ETC 
NEW AND DIFFERENT —The only plastic screw anchor with 
"toggle-bolt" action. Just drill 1/4” dia. hole... insert Wally 
... turn in screw! Lower end backs up and bulges behind wall 
material. Holds permanently. 


ONE SIZE — fits in 4” hole. Handles screw sizes 6-10 


Sold in cartons of 
100, or handy plas- 
tic kit incl. screws - 
and drill .. . No. K-10-$4.75. 


OTHER "'Hi'' 
QUALITY PRODUCTS 


Wire Connectors and 


NAME 
LOK-IT Wrench 
© Tape-Mate Winder FIRM 
© Fish Tape Reels 
© Conduit ''Snap-Straps” ADDRESS 
¢ Wire Strippers 
© Conduit "Drive-Straps" CITY STATE 


wid th ey [7] SEND FREE PLASTIC SCREW ANCHORS 


(J SEND FREE WALLY SCREW ANCHORS 


HOLUB INDUSTRIES, Inc. 


442 ELM STREET *° SYCAMORE, ILLINOIS 


a 
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stalled into old motors or whether it 
is new motors with new bearings' 
that have been failing. Assuming) 


that it is new bearings put into old 
motors, I would say that these new 
bearings have picked up some dirt 


or grit. We have found that if the 
bearings are cleaned ultrasonically 
and then greased properly, the life 
of the bearing is extended a great 
deal. Ultrasonic cleaning removes 
the last bits of dirt, grime, etc., 
which are difficult or impossible to 
get out in any other way. 

Once the bearing has been in- 
stalled the motor can be checked 
out using a crystal cartridge am- 
plifier and loud speaker. Or, one 
can use an inexpensive record 
player by using the arm as a de- 
tector. Motions of the bearing will 
be transmitted to the needle and 
then, via the amplifier, to a loud 
speaker. A simple calibration car 
be made as to the amount of vibra- 
tion in the motor, but actually, the 
different sounds that defective oy 
poor bearings make will be recog. 
nizable.—H.H.S. 


ors 
Pe 
E= 
f 

\ 


Conduit Bending 


QUESTION S37—Shown is a dia: 
gram of a conduit bending principle: 
or technique that appears to be © 
most practical approach to bending 


[ 


Outside of 


You'll like the “jig time” installation of a Porcelain tank 


Products mast kit. Each element in every kit, from 
the clamp-on entrance cap to the slip-fit offset © 
reducer, speeds the job of putting up a service | 
mast. The new boltless flash-plate in the 2075 
kit as illustrated above supports the mast at roof- 
line and eliminates blocking between the rafters, 


~_NStraight edge 
Cord of the arc 


problems. However, we came inte 
possession of the sketch minus ¢ 
formula for defining its use. Cay 
someone give me the needed for 
mula?—W.A. 


ANSWER TO S$37—The following 
rule may be used to determine un 


AND NOW...the newest timesaver...in the 2085 known radii pertaining to bends fo: 
kit is a split-clamp hanger with sideways adjust- tunnel ceilings, roofs, and the out 
ment. The ‘“‘Adjusto-clamp” permits you to straight- side of tanks of large dimensions 90: 
en mast after installation, or align mast with duplicating existing bends. 
meter socket. It’s the only adjustable clamp on the Rule: Radius equals the chord o 
market. Included as standard items in all 2085 half th d‘divided ‘bi 
kits and available separately for 2’ or 242” pipe. a © ARC eauars 1wage 4 
ee Specify Cat. No. 7542 for 2”, 7543 for 242” pipe. twice the height of the arc.R = Cc 
POR CE LAIN PRODU CTS CO For example: In your diagram i 
» the chord of the are measures 72 in 
225 N. PATTERSON ST. | CAREY, OHIO and the chord of half the arc meas 
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WHY... 


... discriminating 
| buyers choose 


FEEDRAIL 
Crane and Hoist 
Electrification 


The right choice of an electrical 
system for cranes and hoists is 
reflected in increased operating 
efficiency and lower costs. In addi- 
tion to unfailing power, you need 
the safety to equipment and per- 
sonnel given by steel enclosures. 
You need compactness and adapt- 
ability, a flexibility to meet elec- 
trical requirements of tomorrow 
as well as today. And you need 

| a system low in installation cost, 
easy to maintain during the life 
of the crane or hoist. — 

That’s why thousands of com- 
panies have selected FEEDRAIL 
Crane and Hoist Electrification 
Systems with the movable trolley 
outlets that travel right along 
with the crane or hoist. 


Why not get the details 
about FEEDRAIL today? 


For safety, adaptability and 
convenience electrify with... 


FEEDRAIL 


TROLLEY BUSWAYS 


FEEDRAIL CORPORATION 

DEPT. C-5, 125 Barclay St., New York 7, N. Y. 
Please send Bulletin No. 76 “‘Feedrail 
Crane and Hoist Electrification Systems” 


r 
i] 
i 
i 
1 
of 
1 Name 
1 
1 
l 
I 
if 


4UU-AMIPERE CAPACITY 


IN THIS SIZE 


Whether you're interested in service entrance equipment or a safety 
switch, you need look no farther than this newest Heinemann circuit 
breaker unit. 


Far smaller than comparably-rated fused pull-outs, it carries a big 
200-ampere load—consistently, without any allowances for ambient 
temperature. De-rating—or any form of temperature compensation—is 
simply unnecessary. The breaker is magnetically actuated; there’s not a 
thermal element to be found. You can put this equipment next to heat 
lines, or inside a snow bank; it will always carry full-rated current, always 
trip as specified. 

And it’s easy to install. Wiring space is plentiful. So are knockouts 
(you can run-in conduit from any angle). Solderless screw-type connec- 
tors are another time-saver. 

Rated at 120/240V AC, two- or three-wire service, this unit is 
available with indoor or raintight, tamperproof outdoor enclosures. Either 
way, it costs less than what you are used to paying for fused equipment 
with 200-ampere capacity after de-rating. 

For full information send for Bulletin 1003 


Title 
: HEINEMANN ELECTRIC COMPANY 
Address. 
city_____Zone___State ____ aT 132 PLUM STREET TRENTON 2, N. J. 
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Install pull line in less 
than a minute per run! 


Easy-to-use, fast, safe 


JET LINE METHOD 


works in any size conduit 


SAVE $40.00 PER DAY 
ON WIRE-PULLING COSTS 
WITH THESE TOOLS: 


Jet Line 
Power Cylinder 
—for 1/2”, 

oe, 3/4", 1" conduit 


x 


Jet Line Gun— 
for conduits 
11/4" to6” 


Jet Line 
Poly Rope — 
lightweight, 
strong, flexible, 
non-conductor 


Proved on the job by contractors 


everywhere, the Jet Line Method * 


is by far the fastest means of 
wiring conduit ever invented. 


Ask your wholesaler today for a 
demonstration ... see for your- 
self how you can save time and 
money with Jet Line. Low-cost 
Starter Kits available. 


*Pat. # 2,930,584 


Ask your distributor for details, or write 


JET LINE PRODUCTS, INC. 


615 FUGATE AVENUE, CHARLOTTE 5, NORTH CAROLINA 


ures 40 in., and the height meas- 
ures 16 in., we have 40 in. x 40 
in. divided by 2 x 16 in. or 1600 
in. divided by 32 in., equals 50 in. 
radius.—P.A.B. 


ANSWER TO S8387—The accom- 
panying diagram will suffice in ex- 
plaining the formula W.A. re- 
quested. By measuring the length 
“L” and the height ‘“H’ which can 
be done by employing a square and 
ruler, these values are all that is 
needed. 

Radius is then found equal to 
(L)’? plus (H)’ divided by 2H. I 
know that this works as I have em- 
ployed it installing lights around 
tanks. 

The length of the cord of one-half 
the arc is found by the solution of 
a right triangle; this is the hypote- 
nuse of the triangle, whose base is 
% cord “C” and whose height is 
measured at right angle to the 
straight edge, and termed “H.” 


solving for this radius 
R equals E squared divided by 2H 


" Ru 
WAN 


Cord Cw 


5 
A 
\ re 
‘ " E W Ze 
aie re a 


ule WAN Gs 
(5 cord C j= 2 Ue 


Using the values of “L’”’ or 


and “H” we solve for “E”’: 


oem 
aS 
pa=/(S) +H 


By the rule of similar triangles: 


R_= puEXe 
EK Hh 2x H 
| $) +00» 
FESO, _FNS 
Ror of ay 2H iy aia 


ANSWER TO S837—I purchased a 
book titled “Conduit Bending Man- 
ual” by Albert M. Kruger & Traf- 
ford J. Ferry, published June 1939 
by C. B. M. Publications, 6555 77th 
Place, Middle Village 79, N. Y. 

This small flexible bound book 
has the needed formulas as well as 
many other illustrations. 

Rule: Radius equals the chord 
of half the arc squared divided by 


2 


twice the height of the arc. R = xe 
—C.R.B. 
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Can You’ Answer 
These QUESTIONS? 


QUESTION A38—In our installa- 
tion, consisting of a 480-volt, 3- 
phase ring feeder that has a perim- 
eter of 3000 ft, we recently installed 
a set of ground detector lamps, 
using three pilot lamp units, 6-watt, 
120-volt, with resistors. These units 
were correctly wired to the main 
bus in the phase sequence A-B-C, 
When a test was made by tempo- 
rarily grounding each phase, one at 
a time, through a resistor, there is 
a 180° reversal in the operation of 
the lamps. When the two main 
ring bus breakers are opened, the 
ground detector operates in normal 
phase sequence. 

We have transposed the wiring 
so that the phase temporarily 
grounded shows a bright lamp and 
the other two are dim. As now con- 
nected, can we depend on this con- 
nector to correctly show a ground? 
What is causing it to operate in 
reverse ?—W.F.W. 


QUESTION B38—When drying out 
motors in an oven, occasionally you 
run across some which will reach 
maybe 5 megs when hot. Let the 
motor cool off, and the resistance 
will go to infinity. Theoretically, 
the resistance should be highest 
when hot—should it not?—S.J.P. 


QUESTION €38—=In the use of 
rigid aluminum conduit outdoors, 
are there rules for special fittings 
to prevent galvanized action? Must 
the conduit have air space for brick 
walls, concrete and wood walls? 
Must locknuts be cadmium plated? 
If used indoors, what fittings are 
required? Is aluminum conduit per- 
missible in concrete slabs ?—V.S. 


QUESTION D38—About two years 
ago we installed a 4160-volt, 500-hp 
wound rotor motor. At periodic 
checks (every two months), we 
found the bolts on the resistor bank 
in the rotor circuit loose. We have 
been told that there is no solution 
to our problem, except that we 
should continue to check and then 
tighten as necessary. 

Has any reader had similar ex- 
periences, and is there any way we 
can overcome the above condition? 
—J.M. 


PLEASE SEND IN 
YOUR ANSWERS BY JUNE 15 


oe 


BEFORE YOU WRITE YOUR NEXT SPEC FOR 


Fire Alarm Systems 


ECONOMICAL 
— WITH 

FULL 
RELIABLE 
PROTECTION 


Available in coded ard non-coded types, 
Wheeldéck Signals Interior Fire Alarm Sys 
tems aré the result of 40 years of experi- 
ence in building protection. You can 
specify entire systems or just components 
2. » control panels, stations, or fire alarm 
bells... as your specs require, 

Evidence of Wheelock Signals accept- 
ance is reflected by the installation of 2 
system and its components in the prize 
winning Elmhurst General Hospital and 
Nurses’ Residence; Queens, New York City, 

Wheelock Signals Systems meet. govern- 
ing building codes. Standard Systems U.L. 
approved. Write for details and full engi- 
neering data. Ask for Bulletin FA7 and the 
name and address of your local sales 
representative. 


oo LONG BRANCH, N. J. 
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General Electric offers a 
choice of four types of un- 
derfloor wiring systems. 


With General Electric’s four types of under- 
floor wiring systems you can meet any elec- 
trical requirements in any type of floor 
construction. Here are the four G-E steel 
underfloor systems, and some of the features 
that make them so easy to work with: 


G-E Standard System can be installed in 
poured concrete floors 21% inches thick. In- 
side cross-sectional area is 3.357 square 
inches. On triple duct systems, all systems 
can be fed through conduit openings in the 
corners of the boxes. Junction boxes can be 
leveled without removing covers. 

G-E Two-level System, for complex feeding 
problems, normally feeds through lower level, 
distributes through upper level. Requires 
31% inches floor fill. In multi-system installa- 
tions, each system is completely separate. 


Progress Is Our Most Important Product | 


Additional feeds for any system can be pro- 
vided at any desired location. 


G-E BIG DUCT gives lots of capacity in a 
simple, low-cost system requiring only 3 
inches of floor fill. Interior cross-sectional 
area is 814 square inches. Increased cross- 
sectional area gives more work-space, makes 
wire pulling much easier. 


G-E Cellular-steel Floor Wiring System 
installed on a structural cellular floor pro- 
vides maximum capacity with maximum 
flexibility. G-E header duct for cellular in- 
stallations is available in lengths that make 
it easier to center junction units over floor 
cells, and to take up minor variations in 
cell spacing without cutting and fitting on the 
job. Junction unit interiors are completely 
free of any screws or other encumbrances 
thereby providing maximum work area. 


For valuable manuals that contain com- 
plete installation, layout, design and prod- 
uct data, just fill in the coupon and mail it 
to General Electric. 


} 


GENERAL @@ ELECTRIC 


i ad er aE cere me. em Pas ered ee rine hein RE Se See I ee 


General Electric Company 
Conduit Products Department 
Section CU93-518 

Bridgeport 2, Connecticut 


underfloor wiring systems. 


What do you suggest? 
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[] Please send me your bulletin on single- and two-level steel 


[_] Please send me your bulletin on cellular-steel floor wiring. 
LJ Enclosed is a description of my underfloor wiring, problem. 


Name 
Title. 
Company. 
Address. 


City) Zohal  State. 


. . . MAY, 1960 


in the News 


MEA of California 
yponsors Electrical 
how 


The Electrical Maintenance En- 
‘ineers Association of California 
his year included a coinprehensive 
ighting Conference as a feature 
f their concurrently staged 10th 
iennial Electrical Industry Show, 
vyhich was held in Los Angeles dur- 
ng the period of March 23-26. The 
onference, covering a 5-fold field 
f industrial, school, office, store 
nd outdoor illumination, was con- 
ucted as a series of parallel ses- 
ions. All subjects were repeated 
n different days to permit dele- 
ates to dovetail personal prefer- 
neces with inspections of lighting, 
yiring and control equipment dis- 
layed by approximately 150 manu- 
acturers. 

Keynote speaker at the Kickoff 
suuncheon was Knox Bourne, vice 
resident of McGraw-Hill’s South 
acific District, who discussed Elec- 
ricity’s Share in the Golden Six- 
ies. In so doing, he stated that 
Just as problems of speed have 
uddenly been solved after count- 
2ss centuries, so the advance of 
cientific knowledge is opening up 
ll other fronts for us as well. The 
cientific world is moving forward 
vith incredible swiftness, although 
he business world is not keeping 
ace, maintaining an attitude that 
3 conservative, cautious and 
cared.” 

To take full advantage of coming 
pportunities, he continued, we 
aust have both confidence and cour- 
ge—confidence in a national econ- 
my that has progressed from a 
tate of scarcity to one of surplus, 
nd that has gradually developed a 
eries of economic checks and bal- 
neces which, conceivably, could 
outlaw major depressions for- 
ver.” Citing our booming popula- 
ion explosion and the related ex- 
ansion of all types of goods and 
ervices, housing and electrical de- 
nands, Bourne concluded that we 
re riding the crest of scientific 
rogress, and that we require only 
ourage and confidence to capitalize 
n the bright promise of electrical 
rrowth in the coming Golden Six- 
ies. 

The actual conference program 
vas introduced by George J. Taylor, 
mmediate past-president of the 
ES and now vice president, Day- 
3rite Lighting, Inc., who defined 
lew lighting “ground rules” by re- 


i 
CHARLES M. TABOR of Larson-Hogue 
Electric Co,, Los Angeles, and president 
of the Electric Maintenance Engineers 
Association of California, presided at that 


organization’s biennial show-luncheon 
and discussed EMEA contributions to in- 
dustry. 


ferring to recent standards that 
have come into being as a result of 
the well-publicized Blackwell stud- 
ies (see EC&M, June 1958) pertain- 
ing to requirements and recommen- 
dations for critical vision. 

While pointing out that the 
Blackwell Report does not take into 
account such factors as color, con- 
trast, glare and harmony, and that 
it does not consider such related 
items as posture chairs, air condi- 
tioning and eye-distractions that 
affect the efficiency of seeing, the 
report does present a reliable basis 
upon which we can now design 
lighting installations intelligently. 

As speaker at another, subse- 
quent session which considered 
Modern Trends in Office Lighting, 
Taylor maintained that good light- 
ing is an additive quality combin- 
ing light and sight with comfort, 
a combination that considers not 
only intensity, glare and proper 
shielding, but many related items 
of a psychological nature. The de- 
gree to which these various factors 
affect decisions, he stated, are gov- 
erned considerably by personal un- 
derstanding and objectives, since a 
businessman interested primarily 
in attracting attention to his store 
or tenants to his building could 
have a different objective than a 
personnel manager interested in 
morale, neater work, fewer head- 
aches, accuracy and the like. 

Emphasizing the importance of 
light and sight, he then referred to 
clinical findings that indicated that 
perception, appreciation and actions 
are dictated 87% of the time by 
sight, 7% by hearing, 34% by smell, 
14% by touch and only 1% by taste. 
He also cited examples where elec- 


Count On 
ARROLET 


Boxes 

To DOA 
.Better Job 
-All Around 


The House! 


CK 
7 9 


When you have to consider 
quality, time and costs... 
your most profitable choice 
is Arrolet, for — 

SWITCH BOXES 

OUTLET BOXES 

BOX COVERS 

FITTINGS 

& RELATED ITEMS 


Quality Needed for Tomorrow 


is in Arrolet Products... Voday/ 


ARROLET 


CORPORATION 


Montgomery, Penna. 


ives & Warehouse Stecks® BALTIMORE, MD, 

« * *CINCINNATI, OHIO © DALLAS, TEX, 

.C. * “KANSAS CITY, MO, © *LO$ 

* “MIAMI, FLA. * NEW YORK, W.Y. * 

e . © *PHILADELPHIA, PA. © 
ROCHESTER, NW. V, © *TAMPA, FLA, 
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SO EASY TO HANDLE 


WB DYNAPRENE PORTABLE CORD 


Smaller sizes are packed on spools in 
cartons ... Larger sizes in coils, in 
knockout cartons .. . Easy to identify 
anywhere ... Type, size and gage, 
clearly marked on jacket... . Safe to 
recommend... Premium quality, long 
lasting, oil-resistant, neoprene jacket 
... ULL. approved. 


Write for free Catalog 
PC-58 “Portable Cord 
and Cable” 


NEW HAVEN 14, CONNECTICUT / Telephone CHestnut 8.5515/ TWX NH 84 
ie: if 
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trical benefits are now receiving fa 
greater recognition in the buildin 
field. Lighting and wiring in a mo¢ 
ern office building (in Atlanta, Ga. 
for example, accounted for 1439) 
of the total building cost; air cor 
ditioning added another 14%, a: 
elevators approximated 9% to brin 
the electrical combination up 1 
373% of the whole. 

High as these percentages are 
however, he showed that, on © 
yearly square-foot-basis, “average 
office lighting had a value of onli 
25 cents, as compared to wages ¢ 
$33, space at $3.50, services at § 
and office equipment representi 
$1.25; and that, if by dowbling t 
lighting investment, only a 5% 
boost in office efficiency would rq 
sult, the overall net saving woul: 
amount to over $1.50 per sq ft p | 
year. 4 

On the subject of Industriz 
Lighting in the Electronics Ag 
Robert Clubley, Lighting Consul? 
ant representing the G. E. Lam 
Department, suggested that, wit) 
industrial processes becoming moj 
complex while labor rates moun! 
lighting systems should be pré 
vided which will permit workers ~ 
see better and more accurate’ 
without excessive harshness, co? 
trast, glare or disturbing shadow} 
thereby protecting a company) 
overall investment in the quali 
and quantity of their product 
Good lighting, he said, is the fir} 
essential in the chain-reaction — 
seeing, recognizing, thinking aw 
directing reflexes to accompli: 
tasks quickly and accurately. 

One good approach to proper i} 
dustrial illumination, he continue 
is to design systems which will me: 
all requirements for general illum} 
nation, then to supplement the) 
general patterns with higher-ley 
local lighting which will provide ¢ 
rection, intensity and color ad¢ 
tives to meet specific seeing tasl) 
As indicated by his further discv) 
sions, this could result in an indv: 
trial plant having a general lightii} 
intensity in the 100-200-fc rang’ 
with local intensities rising to 10} 
fe or more in concentrated are 
where critical seeing is essentil 

Another conference speaker w 
consulting engineer J. S. Ham) 
who used an effective integrate} 
ceiling mock-up to emphasize } 
discussion of Lighting Combin! 
with Air Conditioning. Maintai 
ing that, with lighting intensiti’ 
constantly becoming greater a’! 
resultant Btu emission progressi’ 
correspondingly, the cost of ac 
quate air conditioning will soon |] 
come economically prohibitive 


‘Latrobe 
Electrical 
Products 


2 Part TIN LID 


Permits Pouring 
CONCRETE TO 
VERY TOP 


This No. 130 Series cast iron, adjust- 
able floor box with 3/2” or 414” brass 
cover plate is suitable for power or 
telephone service — and is equipped 
with ground wire. 


A 2 part tin lid is provided so that 
‘concrete can be poured to very top of 
box in one operation. Formerly pour- 
‘ing was done in two concreting 
“Operations. 

After concrete has hardened, the 
‘top part of the 2 part tin lid can then 
be removed along with the top 
adjusting section, providing unlimited 
‘access to wiring. 


Listed under re-examination services 
of Underwriters Laboratories, Inc. 


Latrobe Products 


Non-Adjustable Floor Boxes 
Adjustable Floor Boxes 
Gang Boxes—Cover Plates 
Junction Boxes—Nozzles 
Pipe or Conduit Hangers 
Insulator Supports 
Cable Supports—Fish Wire 
Staple and Cable Clips 


Sales Representatives in all principal Cities 


Sold only thru 
wholesalers 


MANUFACTURING 


COMPANY 
1209-1215 JEFFERSON ST. 
LATROBE, PENNSYLVANIA 


iS SS os 
N § “ 
S N iS soy 
RRS SS RNS SNS NN 


Fire detection is big business! 


For years, schools, public build- 
ings, businesses and homes have 
been waiting for an inexpensive, 
dependable fire detection system 
approved by U.L. and F.M. Now 
you can sell them this vital detec- 
tion system at a reasonable price. 
Whether you sell Kidde system 
components on an install-it-your- 
self basis, or do the actual wiring 
job, there are thousands of dollars 
in potential profits for you. 


Cash in now with Kidde equipment! 


And, selling Kidde, you can be 
sure that you’re selling quality. 
For more than 80 years, Kidde has 
been the leader in fire safety. It’s 
a name you and your customers 
can trust! 

Find out more about Kidde fire 
detection components — and how 
you can use them to cash in on 
these most profitable markets! 
For more information, write to 
Kidde today. 


1. Kidde alarm bells —6”, 8”, and 
10” diameter, U.L.-approved. 


2. Kidde Fyrindex detectors. 
Self-resetting, fast-acting, easy 
to install. Fixed-temperature 
units each protect up to 225 sq. 
ft. Rate-of-temperature-rise 
models protect to 900 sq. ft. Com- 
bination rate-of-rise, fixed tem- 


LL, 
MMM 


perature units each protect 2500 
square feet. All U.L. and/or F.M. 
approved. 


a Break glass manual alarm, One 
or more stations. 


4, Control, rectifier, zone annun- 
ciator panels contained in one 
cabinet. Monitors up to ten zones. 
12 or 24 v., de. 


Kidde Ultrasonic & Detection Alarms, Inc. 
585 Brighton Road, Clifton, New Jersey 


A Subsidiary of Walter Kidde & Company, Inc., Belleville 9, N. J. 
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<D>ROCKER-GLO 


WITH A _ STAGE SETTING depicting 
recommended school-lighting techniques, 
fenestration, color selection, brightness: 
ratios, chalkboard and furniture arrange- 
ments, this important subject was dis- 
cussed before EMEA conference delegates. 
by John M. Chorlton, Toronto (Canada) 
Board of Education, and Charles D. Gib- 

son, Director of School Planning for the: 
State of California (2nd and Ist from 
right in the above picture). With then 
are Bill Jones of Smoot-Holman, whe 
chairmanned these sessions, and com. 
mitteeman Foster K. Samson, consulting} 
engineer. 


less these several separate services 
are combined into unified, efficient 
multi-purpose ceiling installations. 
In his interesting discussion, Mr. 
Hamel displayed a variety of re-)} 
cessed, semi-recessed and surface- 
mounted luminaires which were in-#} 
stalled in combinations with linear 
air louvers with perforated grille 
strips, also with various arrange. 
ments whereby air supply and ex-| 
haust were incorporated into fixture) 
designs reflecting new concepts of 
baffling, ballast location, and use o7 
acoustical materials. 

Various sessions devoted tc 
proper school lighting were alsc 
well attended, these panels effec’ 
tively combining theory with prac 
tice in the persons of John M 
Chorlton from the Toronto, Canada, 
Board of Education, and Charles D) 
Gibson, Director of School Planning) 
for the State of Calif. This presen) 
P&S Rocker-Glo can be used tation was staged in an unusually) | 

dor Fay ee bee aicete.e si ah impressive setting, for the stagiv 
anmeriemsRest alton Rocker-Glo, was ) designed to reflect recom 
ment loads at full current rating. 2251 mended classroom procedures in thu 
Quiet in operation, it is smoothly selection and mounting of fixtures 


activated by pressing, pushing, the ce of Sear, eee 
raclkan g or rolling. brightness ratios and daylig en 


: estration. 
ae P&S Ba fea ne Referring to laboratory finding’ 
2 were also used in this 


by both Blackwell and Finch (se4 
building in all hallways and lab- EC&M, Feb. 1959) pertaining to re} 


flected glare and recommender 


Quality you can 
measure by 
Performance 


Sparkling new Libbey-Owens- 
Ford Building in Toledo, Ohio, 
rises 15 floors above street level. 
New, modern, 20-ampere, Rock- 
er-Glo switches control the lights 
used in all office areas. 


oratories, | re 
Pee tye PERFORMANCE placement of illumination sources 
For information, write Dept. ECM-56A SPECIFIED Chorlton presented considerabl | 
data to substantiate new recommen 
dations relating specific readiny 
PASS & SEYMOUR, INC tasks (pencil notes, carbon copies 
: inted matter) t ifie lighting! 
SYRACUSE 9, NEW YORK iduaetrenaname cere 2 
60 E, 42nd St,, New York 17, N.Y. 1440 N. Pulaski Rd., Chicago 51, Ill. In Canada: Renfrew Electric Co., Ltd., Toronto, Ontario The Art of Lighting for Merchan 
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Pricing was another subject which 
was effectively presented by visual 
displays, actual lighting installa- 
tions and slides. Using live models, 
fabrics, jewelry and glassware to 
illustrate their statements, the 
speakers discussed objectives, meth- 
ods and results pertaining to light 
placement, direction, color and in- 
tensity. 

As stated by Jerry Silvers, Globe 
-Tilumination, ‘Store lighting tran- 
scends the normal mechanics of 
providing X footcandles in Y pat- 
terns by utilizing Z luminaires. 
Rather, it must consider esthetics, 
psychological factors and overall 
motifs in order to glamorize both 
the customer and the merchandise, 
to excite or to lull, to create sparkle 
or diffusion. Light can influence 
traffic flow, create buying impulses, 
appeal to emotions, emphasize tex- 
ture and similar physical prop- 
erties.” 

This discussion was further illus- 
trated by Ed Balogh of Sunbeam 
Lighting, who created numerous 
lighting effects to demonstrate rec- 
ommended = storelighting  proce- 
dures, and who discussed many 
excellent colored slides showing 
merchandising settings of unusual 
merit. 

The fifth conference topic, Out- 
door Lighting, was subdivided into 
_three categories: James M. Dowtin 
‘from General Electric discussing 
Street and Highway Illumination; 
A. L. Pryor, consulting lighting 
engineer, speaking on Parking 
Area Lighting; and William S. 
‘“Shalda, representing the Shalda 
Manufacturing Co., analyzing Ar- 
chitectural and Building Flood- 


LIGHTING PLAN for a 113-acre’ shop- 
_ping center in lower California was ex- 
“plained to EMEA conference delegates 
by Consulting Engineer A. L. Pryor, who 
-used a back-lighted multi-color shadow 
} box to dramatically focus attention upon 
' various areas and lighting standards in- 
"stalled at this major shopping site. 
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> TURNLOK 


Built 
lo 
Fakelt 


P&S TURNLOK wiring de- — 


vices are designed to give 


trouble-free service no matter 


how tough the going gets. 


TURNLOK devices are avail- 


able in 10 and 20 Amperes, 2-, 


8-, and 4-wire types: recep- _ 
tacles, connectors and caps. — 


All P&S TURNLOK devices 
have extra large head binding 
screws and ample wireways 


for quick, easy wiring. Ar- > 


mored sections are anchored 
securely. Cap blades. are 
positioned accurately. Con- 


tacts are anchored securely, 
Fastening screws in connec- 


tors are secured in body . | 
cannot fall out in wiring. Rat- 
ings are plainly visible. 


t 


For information about pes 


TURNLOK Line, write Dept. 
ECM-56B: 


PERFORMANCE 
SPECIFIED 


S. 


60 C. 42nd St., New York 17, N.Y. 1440 .N. Pulaski’Rd., Chicago 51, Ill. 


7313 


PASS & SEYMOUR, INC. 
SYRACUSE 9, NEW YORK 


In Canada: Renfrew Electric Co., Ltd., Toronto, Ontario 
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A JOB WELL DONE 


WITH 


MULTI 


INDUSTRIAL LIGHTING EQUIPMENT 


KROPP FORGE CO. 
CHICAGO, ILL. 


MULTI RLM REFLECTORS AND FLUORESCENTS MANUFACTURED TO 
GIVE YOU EFFICIENT LIGHTING AND CUSTOMER SATISFACTION 


PORCELAIN ENAMELED 
REFLECTORS 


VAPORPROOF 
FIXTURES 


HIGH BAY REFLECTORS 
ALZAK ALUMINUM 

PORCELAIN ENAMELED 
Multi manufactures a complete line of quality lighting units, accessories, 
and fittings for Industrial Plants, Schools, Hospitals, and Airport Runway 
illumination. All components are processed and every unit is assembled, 
according to rigid standards of quality control, in our own plant. Pre- 
cision workmanship, efficiency of design and high quality materials 
insure utmost satisfaction. See the Multi Catalog in Sweets or write 
for your copy today. 


EF ELECTRIC MFG. INC. 


CHICAGO 24 


4223 W. LAKE ST. 


SACRAMENTO 2-1900 


lighting. Dowtin’s approach in- — 
cluded many case studies proving ~ 
that higher lighting intensities re- 
sulted in marked decreases in acci- 
dents and death rates on highways 
and less crime on city streets. His 
discussions involved recommended 
procedures related to lighting not © 
only streets and highways, but also 
to tunnels and bridges, inter- 
changes and overpasses, entrances 
and exits from freeways, dangerous 
hills and curves, railroad crossings, 
direction sign locations, and both 
elevated and depressed roadways. 
Pryor, in his talk on Parking 
Area Lighting, discussed step-by- 
step sequences followed in survey- 
ing, analyzing, designing, promot- 
ing, installing and testing results 
of a 113-acre shopping center (at 
La Marada, Calif.), one of the 
largest installations of this type in 
that state. In this review, he enu- © 
merated several mistakes repeatedly 
made in parking-area planning, 
such as faulty spacing, improper 
placement of luminaires, improper 
shielding, insufficient mounting ~ 
heights, ornamental fixtures that do — 
not deliver proper light patterns. 
He also showed how traffic can be 
directed to entrances or arterial 
lanes by using different colors, and 
he indicated how intensities can be 
built up progressively from 1 foot- — 
candle in some remote areas of the 
parking area to 100 fe or more 
in shopping-center show windows 
without compromising accepted 
standards for brightness ratios be- 
tween adjacent areas of vision. 


M. M. BRANDON, president, Under- 
writers’ Laboratories, Inc., tells NEMA 
Electric House Heating Symposium in | 
Chicago that the NEC is an “‘Installation 
Code’’; that the UL follows the code in 
its investigations; that final decision on 
proper installation of electrical equipment 
and materials is up to local inspection 
authorities. 
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LIGHTING 


PACES 


You asked for it 
Now if 1s ready 


A Brand New 


COMPLETELY ILLUSTRATED 


NATIONAL PRICE 
SERVICE 


LIGHTING Pat BOOK 


Industrial and commercial fluorese 
cent fixtures, incandescent fixtures, 


floodlighting, associated equipment 


HENDERSON-HAZEL CORP. Dept. A-05 | 
13601 EUCLIO AVENUE * CLEVELAND 12, OHIO ; 


Gentlemen: 
Please send me complete details about 


the new NPS “Lighting” price book 


without obligation, 


Nome 
Title 
Company 
, Address 
i] 
; City Zone Stote 
CU Iok SASS sar Cases aa ‘eesroeucace e 
National 


Price Service 


HENDERSON-HAZEL 
CORP. 


12601 EUCLID AVENUE ¢ CLEVELAND 12, OHIO 


*1000 — that’s the number of Motor Control Center 
structures Nelson has supplied to a single industry in just the 
last.5 “years.** 


What better evidence of complete satisfaction could be desired? 
| Nelson equipment is designed for complete dependability, easy 
installation, and is priced right. 


This record of proven performance again confirms the fact that 
Nelson is 


| BIG ENOUGH TO PERFORM 
SMALL ENOUGH TO CARE 


Be sure to let your Nelson representative figure your next job. 
You will find him listed in the Yellow Pages of major city 
telephone directories. 


If guick shipment on Motor Control 
Centers is of importance to you, ask 
for a copy of Nelson’s new QUICK- 
TROL Bulletin. 


** Ask your Nelson man for the 
name of the industry and the facts. 


> wi 
NELSON ZZcZeee MANUFACTURING CO. 


TULSA, OKLAHOMA 


ae P. 0. BOX 5385 RIVERSIDE 2-5531 
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ELECTRICAL, San Diego Contractors 


ATTENTION! CONSTRUCTION AND Win Award 


MAINTENANCE TRADES ... A citation for “Outstanding Per- 


formance among Electrical Leagues } 


2 A in Promoting Residential Wiring” 
the has just been presented to the Elec- 


t trical Contractors Division of the }f 


Bureau of Home Appliances of San 


Diego County, Calif. 
This citation, presented by Look \— 
a Magazine for meritorious commu- |) 


PHILLIPS 
: & nity service, engraved on a gold | 


4 us Oe scroll mounted on a beautiful wal- jj 
—<g nut plaque, recognizes the taste, ef- 
G a i C h 0 i fectiveness and educational value of 
the San Diego League’s 1959 pro- 
ayes motional efforts in the interest of 


residential electrification. 


system 


Matson Serves as 


is the safe, reliable way CCECA President . 
to anchor junction boxes, Louis Matson, Active Electric} 
j e e Co., Chicago, is the 1960 president} 
cab e trays, lighting of the Cook County Electrical Con-f 
e | tractors Association headquartered!) 

troffers, conduit and | in Chicago. Serving with him inf 


the “‘official family” are: vice presi-§ 
dent—Carl Sievert, Sievert Elec-} 
tric Co.; secretary—A. L. Simmons, 
Clark Electric Co.; treasurer—Er-} 


other electrical 
power equip- 


ment to Company. Y 
Members of the CCECA Board of |} 
concrete Directors are: C. W. Arntzen, Arnt- d 
zen Electric Co.; George Reinke,|» 

surfaces! Reinke Electric Co.; Joseph Kunst, 


Jr., Principle Electric Co.; Tom) 
Wigdahl, Wigdahl Electric Co.; Ir- 
SELF-DRILLING win S. Marks, D. D. Electric Co. 3} 
Howard M. Brown, Brown Electric 


Phillips RED HEADS are per- 


manent concrete anchors with 


. e e . 

Ege strength and reli- drills Its own hole Service; Bernard Braverman, Al-} 
ability than any other system. 5 A 
E i ‘ i ‘ ee Case hardened steel teeth with hollow core cut mart Electric. Co.; Edward Reeve. 
verlasting holding power ex- a smooth snug hole more rapidly than any other ~ Reeve Electric Co.; Henry Bell.) 
ceeds the strength of the bolt method. Hardened steel plug expands anchor Commodore Electric Co.; and Adam} 
or the concrete itself. Cannot for full dovetail grip. This is why the RED eae Sluis, Sluis Electric Company. 
Pull Out © Rust Out * or Vi- is rapidly replacing old-fashioned anchoring 

methods. This is why the RED HEAD is the 
brate Loose. MOST IMITATED concrete anchor. 


A COMPLETE LINE TO MEET ALL 
CONCRETE ANCHORING NEEDS 


aj ee 


Snap-Off Anchor Rod Hanger 
Anchor 


Tie Wire 
NATION WIDE pase 
FACTORY 


WAREHOUSES 


Impact Hammer or Hand Installation 


AND FIELD 
ENGINEERING 
SERVICES 


SAFE, FAST, TROUBLE-FREE 
H DRILLING AND 
— .. ANCHORING 


LOUIS MATSON (left), Active Electric 
Co., Chicago, accepts another term ag 


paslesey coil president of the Cook County Electrica 

PHILLIPS DRILL CO. A complete line of aah Rae alec are fee Contractors Association; grasps officia 
semblies and Hammer Adapters to fit a akes ; ab ; Nate : 

MICHIGAN CITY, INDIANA EwuiModcle af ibact Manners. gavel with retiring president Willian 


Veldhouse of Service Electric Company 


Telephone TRiangle 4-4217 Chicago 
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INTERNATIONAL 
Hlectrical Conduit 


Finest Quality—Lowest Prices 


International Metal Hose, one of 
the nation’s largest producers of 
flexible metal conduit and tubing, 
utilizes modern equipment and 
automated processes to produce 
superior products at competitive 
prices. Ask International to quote 
your needs and compare price, 
quality, and delivery. 


INTERNATIONAL SEALED SKIN 


LIQUID-TIGHT FLEXIBLE STEEL CONDUIT S rd 
(U. L. and J. 1. C. Approved) oe \ Wh b 
ad Y pe puzzle 
Strong, flexible metal core for simple, fast mee p 
installation even in ‘‘U'’ bends and crowded 
quarters. Special polyvinyl cover is liquid-tight, e e 
abrasion-resistant and provides permanent pro- ) 
tection against oil, grease, weather, water, dirt, a OU 1] } 1e S W 1 C es 
chemicals, fumes, and salt spray. Sealed Skin’s e 
Flexibility is especially adapted to provide 
connections between a moving member and 
stationary part and for resistance to vibration. 
It is easily cut to required lengths on the 
d job. Made to meet U.L. or Joint Industry Con- 
; ference (J.1.C.) requirements. Packaged in a 


ee ... SPECIFY PARAGON 


INTERNATIONAL U. L. & C. S. A. LABELED 
FLEXIBLE STEEL CONDUIT 


' Made to Underwriters’ and Canadian Standards 
Approvals meets at fe ale coats a flexible 
metal conduit conducte y Underwriters’ Lab- 
oratories, Inc. Rust-resistant zine coating gives i 
longer protection against corrosion, dirt, fumes, 7000 SERIES puts automatic 
spray, and superior finish ‘‘dresses up’’ installa- 


tions. Automatic degreasing give oil-free con- i i i 

aoe Special BUDE eeu make eee ti min g on easli | y co ntrol led 
ion easier—tesists vibration—flexes into ‘ 

bends—follows machine or _ installation con- weekly sched u le 


tours. Especially adapted for connections be- 
tween moving members and_ stationary parts. 


s pomiee Milica sy toa aia ecole tad bed wander For the 7-day time switch that is ideal for 
i : all heating, ventilating and air-condition- 
INTERNATIONAL EXTRA FLEX” ing applications, SPECIFY PARAGON’S 


7000 SERIES. Handles four different volt- 


FLEXIBLE STEEL CONDUIT : 
ages, and 40-ampere rating assures larg- 


(Non-Approved) F ‘ 
: poe ; i est load-carrying capacity of any 7-day 
t uit USEAt i : 

Se termi umeee |, time control, ~ 

Bee ERE Hee Beak We ellin eee Turn any electrically controlled system 
Electroplated to give rust-resistant zine coating. ON-OFF automatically at different hours 
Superior finish “‘dresses up’’ installations. Auto- f hd D f k ] ] 

pre Ce WC oes ail iroa ‘conduit, Fae or eac ay. Vays 0 the week are clear y 
0 install—resis' 5 aq a 

bends and to follow machine or installation con- separated erie aie day and night periods di- 
tours. Available in easy-to-handle coils. vided, too, for easy-read, easy-set conveni- 


ence. Any day or days can be omitted. 


BAO ee MONI WEIeHT Settings can be made a week in advance 


mot ee ee at and changed as desired. 
Ne seh Get complete details on the 7000 SERIES 
A sturdy, lighter-weight flexible steel conduit now. Write for Bulletin 5976. 


at lower cost. Available in a wide range of 
sizes for most every need, Economical to use 


and to ship. 
! 
Send for specifications and price list § A Fe A G O N 


ELECTRIC COMPANY 


THE INTERNATIONAL METAL HOSE CO. 1614 Twelfth St. » Two Rivers, Wisconsin 
BREEN UES OR TIME 1S MONEY...CONTROL IT WITH PARAGON 
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® HARD GLASS 


R80 
1000W & 700W 


R60 
400W & 250W 


RADIANT Merco-White High Beam features 


Protected inner reflector; highest reflection factor. 

Phosphor coating provides good color improvement. 

Highest percentage of delivered lumens to work area. 

Higher initial and maintained illumination. 

Eliminates expensive, heavy fixtures. Reduces installation costs. 
Hard glass (Pyrex) withstands thermal shocks. 


Combines two light patterns, narrow and wide, 
for complete coverage. 


Yt >t > >t > > > 


INDOOR 
Extra High Bays 


OUTDOOR 


Installation 


* 


National distribution 
Lighting layout service 
Favorable discounts 


» a Send for Bulletin 89 


R RADIANT LAMP CORPORATION 
BOO Industrial Lamp Specialists Since 1938 


Can use porcelain | Can use lightweight, 
socket by itself in inexpensive lamp 
most locations. holder. 


~ 300 Jelliff Avenue 
LOS ANGELES 


Newark 8, N. J. 


CHICAGO SAN FRANCISCO PORTLAND, Ore. 


DETROIT 
7 S233 ey WS] ee Pe ey) a ere Ce Ee ee 
Originators of Reflector Type Hard Glass R40, R60 & R80 Incandescent Lamps 
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NISA News 


In a mail ballot last March, NISA 
members overwhelmingly supported - 
the action of the NISA board of 
directors of last fall which author- 
ized a change in the association 
name, effective April 1, 1961, to 
Electrical Apparatus Service As- 
sociation, Inc. 

The action restores the word 
“electrical” to the name of the as- 
sociation, whose members must be 
engaged in the service and repair 
of electrical apparatus to be eligible |} 
for membership. The organization 
was founded in 1933 as National In- | 
dustrial Electrical Service Associa- 
tion, but the word “Electrical” was 
dropped soon after to encourage 
memberships from the mechanical ° 
service industries, firms that are no 
longer admitted to NISA. 

E. F. Cochrane, of Alexander- | 
Williams Co., Santa Ana, Calif., was | 
elected president of Los Angeles | 
Chapter at a meeting on April 12) 
at Palms restaurant, Anaheim, 
Calif. Other officers are: Orville 
Stump, Stump Electric Co., Los” 
Angeles, vice-president; and Lloyd 
S. Cope, Advance Electric Co., Ana-~ 
heim, secretary-treasurer. : 

e e e e 

“Father-and-son night” was cele- | 
brated by members of New York | 
Metropolitan Chapter at Hotel Shel- 
burne, March 17. NISA President. 
Horace C. Blenkhorn and Executive 
Vice-President Joseph M. Harring- 
ton also attended. 


ne 


‘2 =| 2S aE 


QUAKER CITY Chapter, NISA, held its 
January meeting in Philadelphia during j" 
the Plant Maintenance Show in that city, 
and were hosts to the New York Metro- 
politan Chapter. In attendance at this 
meeting were (I to r): Joe H. Previty,, 
Penn Electric Motor Co., Phila., Ralph. 
O. Kufen, Kufen Electric Motors, Hatboro, § 
Pa.; NISA President H. C. Blenkhorn, 
Blenkhorn & Sawle, Ltd., St. Catharines, 
Ont., (Canada); Paul J. Duphily, presi-§ 
dent, Quaker City Chapter, Electrical 
Equipment & Maintenance Co., Milford, 
Del.; and Alfred Elson, Jr., New Englano 
Machine & Electric Co., Pawtucket, R. |. 


NEW 
KLEIN 
CATALOG 


Here is the 1960 edition of the Klein 

catalog illustrating and describing 

the complete line of Klein tools and 
_ equipment for electricians. 

It contains many new additions to 
the Klein line—including Replace- 
able Gaff Climbers, a newly developed 
Hot Line Grip and an even wider 
range of pliers for every purpose. 

The Klein Catalog 103 will be of 

interest to linemen, electricians 
_ —good workmen everywhere. 
Write for yours. 


Foreign Distributor: International 
Standard Electric Corp., New York. 


pO moo MLEIN os & Sons 


rae McCORMICK ROAD » CHICAGO 45, ILLINOIS 


: Anchoring and Drilling Devices _ 
for Faste ing Anyt ing to Masonry 


E 


| SABER-TOOTH Drill-N-Anchor 


DURATHERM heat-treated d self-drilling masonry anchor . vad 


drills fast . . . only 45 von holds fight .., over 9 
seconds to install! A tons for a %” size! 
Core-action cuts only ‘Teeth undercut the 
| the masonry around drilled hole and ex- 
the hole’s perimeter. pand deep in the ma- 
' Drills its own hole in sonry, back-tapered 
| even the toughest ma- ridges add holding | 
| sonry, Saves buying or power...the concrete 
sharpening drills, ~ or the bolt usually 
eliminates matching breaks before the an- — 
-drill and anchor sizes, chor pulls out. UL, FM 
measuring for proper approved. 
hole depth. _ 


Ge 


Hand Flush Type — 
Tie Wire Type Rod Hanger Type ' 
‘ Stud Type 


- 
4 
ij 
4 


i Full range of sizes and styles: 


universal masonry anchors 
.»-- now BRANDED “RAWL”’ 


@ High holding power. @ Absorbs shock and vibration. 


e@ Smaller hole required... saves @ Eliminates need for hole spotting. 
drilling time, cuts cost of drills. @ Economical to buy and use. 


and a complete line of masonry anchors and drills including Calk-Ins... 
Spring-Wings .. . Lag-Shields .. . Rawldrills . . . Spiral carbide drills . 
2nd others.. valli in the new “Masonry Anehonce Handbook.” 


PRODUCTS — 
Massing Barking Hoxtled 


The RAWLPLUG Company, Inc. 
212 Petersville Road, New Rochelle, N. Y. 


Please send me a FREE copy of the “Masonry Anchoring Handbook” 
with complete information about all Raw! products. 
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There's a Royal ‘‘7POWR-KORD”’ 
for every need: 


@ RUBBER or VINYL 

@ BLACK or RED (rubber) 

® RED or YELLOW (vinyl) 

® HANDY LENGTHS — from 10’ to 100’ 


@ IN THESE TYPES and SIZES: 
#18 and #16 SJ — 2- and 3-conductor 
#418 thru #12 S — 2-conductor 
#14 and #12 S — 3-conductor 
#18 and #416 SJT — 2-conductor 


« * « an associate of 
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.-. the all-quality line of 
all-purpose heavy-duty 
extensions 


Here’s the kind of rugged con- 
struction that pays off on the job: 
MOLDED-ON caps and connectors, 
— built-in strain reliefs — Royal- 
quality cord — heavy brass blades 
and double-wipe contacts — locked- 
in-place molded construction... 
and FULLY UL LISTED! 


Next time you’re ordering elec- 
trical supplies from your whole- 
saler, be sure to include Royal 
“POWR-KORDS”. 


ROYAL ELECTRIC CORPORATION 
Pawtucket, Rhode Island 


In Canada: Royal Electric Company (Quebec) Ltd. 
Pointe-Claire, Quebec 


_ 


6 
és geeks 


ONE ATTRACTION of the Exhibit Booth 
of the National Association of Lighting 
Maintenance Contractors at the Plant 
Maintenance show in Philadelphia this 
year was a free-hand artist. Here he has 
made a caricature of Melvin H. Galbraith, 
(center), president of NALMCO, while E. 
|. Creed, (left), NALMCO past-president, » 
of C & S Lighting Maintenance, Cleve- 
land, looks on joyfully. Artist is also a 
NALMCO member, Robert Brandenburg, 
of the Lighting Service Co., Milwaukee, 
Wis. j 


Other recent NISA meetings in-- 
cluded a Heart of America Chapter | 
gathering at Prom Motor Hotel, 
Kansas City, Mo., with Bruce Shaf-) 
fer, Allis-Chalmers; Keith Blum- 
hardt and Charles Johnson, General | 
Electric Co.; and NISA Director 
Ben J. Horton, Atkinson Armature 
Works, Pittsburg, Kans., the princi-| 
pal speakers. ... A New England 
Chapter meeting in Boston at Ho- 
tel Bradford on April 14, where a 
panel of shop men led a general dis- 
cussion. ... A meeting in Indiana- 
polis of Indiana shop persons at 
which NISA President Horace C. 
Blenkhorn; Executive Vice-Presi- 
dent Joseph M. Harrington; NISA 
Director Selden F. High, Sullivar 
Electric Co., Cincinnati, Ohio; and) 
Dean Looman, Sterling Varnish 
Co., spoke. .. . The spring meeting} 
of Rocky Mountain Chapter at 
Mayflower Hotel, Denver, Colo.) 
where Ray Johnson, Tom Baker, 
Jack Bowe, E. C. Armstrong, James|} 
Chinn, Damon Ward and A. J. Mor> 
roniy members, and Walter O. Hel |} 
wig, Helwig Carbon Products, Mil) 
waukee; and John G. Cathy, I.C.S 
representative, were speakers. 

e e e e 

At a meeting on April 12 of the 
Chicago Chapter, D. L. Megchelson |} 
manager, special report division)) 
discussed credit and collections. 

e e e e 

Eldon Strom, of Strom Electri: 
Co., Troy, Idaho, was elected presi 
dent of Inland Empire Chapter, on 
of NISA’s newest, at a meeting i) 
Spokane on March 11. Other 
elected were F. E. Garrison, Tinlin; 
& Powell, Spokane, vice-president 


|Save Time, Money 


need Installations 
with... 


P-W 


CABLE SUPPORTING 
SYSTEMS 


P-W’s TYPE “E” (PUNCHED 
BOTTOM) TRAYS—FOR POWER 
AND CONTROL CABLES AND 
INSTRUMENT TUBING—ALTHO 
LESS EXPENSIVE, ARE STRONG- 
ER, VERSATILE AND SUPERIOR. 
CONTROL CABLE CAN BE 
DROPPED OUT ANYWHERE. 


Engineers, Contractors and Installers 
look for QUALITY, LONG LIFE, AND 
LABOR SAVINGS in their supports. That’s 
why more and more users are turning to 
P-W. Among our outstanding improvements 
are: CONNECTIONS that are quick and 
easy to install—PRE-CUT SYSTEMS sav- 
ing installation time—EXTENSION CON- 
NECTORS eliminating field cutting to com- 
plete runs— ADJUSTABLE HORIZON- 
TAL and RISER CONNECTORS to go 
over, under or around pipes, trusses, col- 
umns, etc. — BUILT-IN ADJUSTABLE 
DROP-OUT SECTIONS eliminate cutting 
out bottom of tray—STRAIGHT SEC- 
TIONS available in lengths up to 16’ 
(33'4% less connectors and less installation 
time over 12’ lengths). 

P-W SUPPORTS are available in hot 
dip galvanized steel or aluminum, in 
LADDER, EXPANDED METAL and 
SOLID TRAYS in addition to Type “E”. 
All systems are interchangeable. Write for 
Catalog 858-A. 

For the utmost in service, contact the ap- 
propriate Representative in your territory 
or P-W direct, regarding inquiries and 
placing orders. 


INDUSTRIES 
11200 Roosevelt Blvd. 
Philadelphia 15, Pa. 


Here’s why any 
powder-actuated tool 
works better with 
Remington Loads and Studs 


Exclusive 
“Kleanbore’ 
Priming 


Gs: 
OM 


22 caliber 
Power Load 
(twice actual 
size) 


te 


Green 
“Power-Guide 


Y4"’ $-25 
Stud 

(twice actual 
size) 


Remington 


RUG, U. 5, PAT.OFF 


Remington Arms Company, Inc., Bridgeport 2, Conn. 
iN CANADA: Remington Arms of Canada Limited, 
36 Queen Elizabeth Blvd., Toronto 18, Ont. 


ELECTRICAL CONSTRUCTION AND MAINTENANCE .. . 


Scientifically graded Remington Power Loads 
offer precise, uniform charges . . . have strong, 
non-rusting brass cases. Exclusive ‘‘Kleanbore”’ 
priming mixture protects bore of tool because 
it does not cause rust or corrosion. No need to 
clean barrel after every job! These quality Power 
Loads are subjected to multiple inspection dur- 
ing manufacture, are backed by Remington— 
a name well known to American sportsmen. No 
matter what powder-actuated tool you use, it 
will work better with Remington Power Loads! 


Uniform performance and penetration are as- 
sured with precision-made 4" and 34" diameter 
Remington Studs. These high-strength studs are 
made with special molybdenum steel. Specify 
Remington Studs with exclusive green ‘‘Power- 
Guide”’ heads. . . for uniform performance and 
straight-driving penetration. Over 60 “‘job- 
rated’”’ Studs to choose from— your assurance of 
a Remington ‘‘Power-Guide”’ Stud to fit every 
fastening application. 


Remington know-how insures the quality of its Studs 
and Power Loads. No other company can offer the back- 
ground of experience gained through 
the manufacture of billions of these 
units. When you order studs and loads, 
you'll get better performance if you 
specify Remington—maker of the most 
versatile fastening tool ever designed 
(right). We'll gladly send valuable free 
booklets about Remington Power 
Loads, Studs and fastening tools. Mail 
the coupon today! 


Remington 
Model 455A 
Stud Driver 


ECM-5 
Please send—without obligation—catalogs on Reming- 
ton Contractor & Industria] Tools checked; 


Remington Arms Company, Inc., Bridgeport 2, Conn. 


OStud Drivers OAir Tools (Chain Saws 
OConcrete Vibrators (Flexible Shaft Machines 


Name. Position 
Company 
Address 
City. Zone __ State 
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on 


lighting 
controlled 


Type SR 
Time Switch 


BY SANGAMO TIME SWITCHES 


Simple jobs, like lighting a vacationing family’s house to 
discourage prowlers, or seeing to it that attic fans or air 
conditioning units operate automatically, are all in a day’s 


320 


work for Sangamo Types SJ and SR Time Switches. 


When you have jobs like these, you do them simply and 
economically with these small, sturdy switches that can serve 
in virtually any single-pole, single-throw application. Cus- 
tomers are pleased because the switches are attractive and 


reliable. You don’t make expensive call backs. 


The Type SR Switch is designed for indoor installations, 
either surface mounted or on standard switch boxes with 
conventional wiring connections. The Type SJ Switch has 
a built-in receptacle, and is furnished with a 6-foot plug-in 
cord for portable use. Both switches are powered by a self- 
starting, high-torque synchronous motor (available in 
optional voltage ratings). Their heavy-duty silver contacts 


last for years. Type SJ 


See your favorite wholesaler who has a 
complete stock of dependable, mainte- 
nance-free, long-lived Sangamo Time 
Switches that can mean full-profit jobs 
for you. 


SANGAMO ELECTRIC Company 


SPRINGFIELD, ILLINOIS 
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SPECIAL LICENSING of electric heating 
contractors is subject of this post-session 
NEMA Symposium huddle between (L to 
R) C. R. Allen, Allen Electric Co., Ander- 
son, Ind.; M. G. Bathe, Bathe Electric 
Co., St, Louis, Mo.; and G. C. White, . 
Empire Electric Co., Ft. Worth, Texas. — 
Reports are that Anderson, Ind., now re- 
quires such a license. 


G. O. Toms, G. O. Toms Electric 
Co., Spokane, secretary-treasurer ; 
J. N. Mosch, Mosch Electric Co., 
Missoula, Mont., and H. T. Stod-— 
dard, Stoddard Electric Co., Oro-— 
fina, Idaho, directors. Clifford John-— 
son, City Electric Co., Missoula, | 
Mont., was admitted to membership 
at the meeting. : 
e e e e 
Otto Werner was elected presi- 
dent of Great Lakes Chapter at a. 
meeting at Standard Electric Mo- 
tor Works on April 18. J. R. Wat- 
terson was chosen vice-president; 
Harry Kerr, second vice-president; 
Joseph Bilicke, Stanley Graywall, 
directors. Charles E. Smith and 
William Howard, secretary and 
treasurer, respectively were re- 
elected. Speakers at the meeting 
were NISA National President 
Horace C. Blenkhorn and NISA 
News editor Horace Barks. Hosts. 
in addition to Standard Electric 
Motor Works President C. S. (Pat) 
Moran, were Bill Cotter, Stan Polk. 
and Walter Beebe. 
/ e e e e 
Connecticut Chapter met on Apri’ 
7 at Waverly Inn, Cheshire, Conn) 
e e e e 
Edwin B. Duckett, Electric Serv 
ice & Equipment Co., Chattanooga 
Tenn., was elected president of Mid. 
South Chapter at a meeting ir 
Vicksburg, Miss., on March 11-12 
Other officers were Norvell Ogden 
Power Electric Co., Jackson, Miss. 
vice-president; William Howar 
Standard Electric Machinery Corp. 
Montgomery, Ala., secretary-treas’ 
urer; and Gene L. Shiver, Tankers 
ley Electric Co., Montgomery, Ala 
director. 


IT’S TIME FOR A CHANGE 
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seconds 


through 
STEEL - REINFORCED 
CONCRETE 


with the Mobile 


MARK IV 


hydraulic-powered 

DIAMOND CORING 

MACHINE 

and Mobile “Thinline” 
a, Oriented 

Diamond Bits 


ALL FIVE 
NEMA 
TYPES 


\ 


= | 
REAR LAMPED “@- FLOODLIGHTS 
WITH IMPORTANT EXCLUSIVE FEATURES 


New Steber Series 5000—Rear Lamped Floodlights—are de- 
signed to meet NEMA Specifications FL6-210, Group B, Types 
I, II, Ul, IV and V. They accommodate G-48, 1500 watt, 
PS-52, 750-1000-1500 watt incandescent and 400-700 watt 
Mercury Vapor lamps. 


” 


In addition to “rear-lamping, 
Series 5000 floodlights include 
these exclusive Steber features: 


Genuine Silicone gasketing at all 
critical points 

FASTER Finned, cast aluminum neck and cap 
SAFER for maximum heat dissipation 
QUIETER 
DUST-FREE 


PORTABLE 


Shielded condensate drain 


Removable thermal shock and 
impact-resistant lens 


Rear section clips to trunion bracket, 


Oo ©8600 6 


a Ne leaving both hands free for faster, 
OPERATE safer servicing 
MORE Positive grounding—both during 


ECONOMICAL operation and servicing 


DRILLS VERTICALLY — 
DRILLS HORIZONTALLY 


DELIVERIES 


The well-known Steber ‘shipment within 16 work- 
ing hours” policy applies to Series 5000 Flood- 
lights, as well as to all other Steber lighting 
equipment. No need to wait 6 to 8 weeks or 
longer for “rush” jobs—specify Steber ond 
your delivery problem is solved, 


Write for NEW BULLETIN 1097 today! 


Lighting Units / STEBER Waker 


Pa tea . STEBER MANUFACTURING CO., DEPT. 98-E, BROADVIEW, ILL. 


Write for bulletin on MARK IV and complete 
Mobile line of Diamond Masonry Coring Ma- 
chines and “Thinline” Oriented Diamond Bits ... 


ee es ee ee ee ee eee eee 
i eee 


960 N. Pennsylvania St. 
Indianapolis, Indiana 


Steber Manufacturing Co. of California, 242 S. Anderson St., Los Angeles 33, Cal. 
Divisions of The Pyle-National Company 
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NEW! STEEL CITY 


CHANNEL BAR 


Mounts Fixtures, Boxes and Conduits in Suspended Ceilings 


ee 
[ Replaces Use of Ceiling Carrying Channel © 
| For Support of Electrical Fixtures, 
Conduits and Boxes 
| 


No, 6013 Single Channel Bar 


Steel City All-Purpose Channel Bars 


Practical and economical for electrical installations in suspended 
ceiling construction. Slotted opening permits easy positioning of 
6H-BB Conduit Clamps, standard 14” Square Nut and Threaded 
Rod or No. 6017 Channel Carrier using either No. 6019 Box 
Fastener or No. 6018 Fixture Stud to secure box. Designed in 
two sizes for maximum utility—used separately or as double 
channel. Packaged ten—10’ lengths. 


Simplified Hanging with 
Standard Electrical Fittings 


Typical Installation of 
Surface Mounted Fixture 


Ceiling Carrying Channel 


Channel Bar 


Box mounted flush on Channel Bar with box 
fastener. Use fixture stud where required. 


NO. 6017 
CHANNEL CARRIER ONLY 


NO. 6019 
BOX FASTENER ONLY 
NO. 6018 
COMPLETE ASSEMBLY 
NO. 6016 FIXTURE STUD ONLY 


Ms" SQUARE NUT 


Ye" and % 
Conduit Hanger 
RRS Aden SERIES Box on Channel Bar feeds and supports 

NO, 6015 6H-BB surface mounted fixture. 


Available now through leading electrical distributors 


Write for Free Samples and Technical Bulletin 


STEEL CITY ELECTRIC COMPANY 


A Subsidiary of American Marietta Company 
PITTSBURGH 338, PA. 


CONSULTING ENGINEER J. S. Hamel 
attracted SRO audiences to two succes- 
sive sessions when he analyzed Integrated 
Lighting and Air Conditioning at EMEA‘s © 
Lighting Conference which was held con- — 
currently with the association’s biennial — 
electrical show in Los Angeles this past 
March. 


George T. Kinard was installed — 
as president of the Southwestern ~ 
Chapter at a meeting in Dallas, - 
Texas, March 10-12. More than 175 
attended, from 15 states. Mr. Kin- | 
ard is with Electrical Machinery & 
Repair, Beaumont, Texas. Other - 
officers are: James A. Phares, 
Southwest Electric Co., Oklahoma 
City, Oklahoma, first vice-presi- | 
dent; James M. Morgan, Central 
Electric Co., Fort Worth, Texas, 
second vice-president; and Connie 
H. Henry, Motor Rewinding Co., 
Dallas, Texas, secretary-treasurer. 

Directors of the chapter include 
J. E. Hurt, Dallas; John F. Loyd, 
San Antonio; A. L. Miller, Hous- 
ton; E. Arnold Tench, Shreveport, 
La.; and Ellis McMillin, Abilene, 
Texas. 


Ill. Inspectors Want 
Grounded Phase Leg 
Marked 


How should the grounded phase 
conductor of a corner-grounded 
3-phase delta system be identified? 
Use of the code-recommended slate 
gray or white colored wire as the 
grounded conductor in such cases) 
could be confusing and somewhat. 
hazardous when other systems hav- 
ing grounded neutrals are in the 
same building. This problem came: 
up for extended floor discussion at. 
the winter meeting of the Illinois 
Chapter, International Association 
of Electrical Inspectors in Chicago. 
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HOW TO SERVICE TODAY'S 
INDUSTRIAL INSTRUMENTS 


quickly and easily 


Now you can service, 
maintain, and calibrate 
industrial process instru- 
ments and controls easier 
and faster with the up-to- 
date guidance you’ll find 
in this handbook. 

Here are thousands of 
step-by-step working in- 
structions for servicing 
equipment manufactured 
by over 40 companies. Explained and di- 
agrammed in full, this wealth of engineer- 
ing data and methods is ready for your 
instant use whenever you want— 


© complete maintenance and repair details for over 
50 major types of modern industrial instruments 


@ easy review of fundamentals of operation, test- 
ing, and adjustment 


@ quick, dependable answers to hundreds of every- 
day problems likely to arise in the shop or field | 


Just Published 


INDUSTRIAL INSTRUMENT 
SERVICING HANDBOOK 


By GRADY C. CARROLL 


Chief Instrument Engineer, Energy Division, | 
Olin Mathieson Chemical Corp., Niagara Falls | 


848 pp. 6 x 9, 375 illus. and tables, $16.00 
EASY TERMS: Pay $6.00 in 10 days; $5.00 monthly 


INDUSTRIAL engineers and technicians will 
find in these expert pages a wealth of en- 
gineering data and methods for servicing 
modern industrial process measuring and 
control instruments. 

This practical handbook will serve you 
as a concise review of the design and oper- 
ational principles of many different types 
of industrial instruments - . & ready 
guide to the most effective methods of 
Service, maintenance, and calibration é 
and a handy compilation of tables, graphs, 
photographs, schematic diagrams, and other 
useful working aids you'll constantly refer 
to. 


Check these 13 big sections .. . 
1. Pressure-measur- Measuring 


ing Instruments Instruments 
2. Differential Pres- 8. Gas Analyzers 
sure-measuring 9. Control Valves and 


instruments Valve Positioners 
3. Velocity and Volu- 10. Speed Measure- 

metric Measuring ment and Control 

Instruments 11. Repairing and 


4, Liquid-level-meas- Calibrating 
uring Instruments Controllers 

5. Temperature- 12. Organization of In- 
measuring strument Depart- 
Instruments ment for Processing 

6. Viscosity and Plants 
Specific-gravity 13. Thermocouple 


Temperature-milli- 
volt Equivalents 


Instruments 
7. pH and Redox 


110 DAYS' FREE EXAMINATION 


McGraw-Hill Book Co., Dept. EC-5 
327 W. 4Ist St., New York 36 


1 
| Send me Carroll’s INDUSTRIAL INSTRUMENT 
| SERVICING HANDBOOK for 10 day’s exami- 
| nation on approval. In 10 days I will (check one) 
O send you the full price of $16.00; or $6.00, 
| then $5.00 a month until the full price is paid, 
Otherwise I will return the book postpaid. SAVE: 
| We pay delivery costs if you remit with this 
| coupon; same return privilege. 


Position ...... areiavalaleln Te aliniais iis allele Sar ooes esieleiets 
For price and terms outside U. S. 


write McGraw-Hill Int’l, New York 36 EC-5 


Re ae a el 


| 
Company .... 
| 
| 
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FOR OUTDOOR DUTY! 


Don’t let the styling of STONCO’s new ‘‘Award Series’ fool you. These are 
outdoor bullets. Solid cast aluminum. Completely weatherproof. ‘‘Air-condi- 
tioned”’ for cooler, cleaner operation. The only truly decorative floodlights 
designed specifically for any outdoor application. 


1 Epoxy-cured finishes stay factory-fresh 
through severest weather. Resist salt-spray, 
corrosives. 

| 2 | Degree-marked pre-aiming quadrant. 

3 | Deep-gripping serrated teeth for focus 
lock-in. 

4 | Full-circle vented ribs (pat. pend.) — pull 
a moving, cooling air-stream up through 
the fixture and out. 


A COMPLETE LINE FOR 75W-300W REFLEC- 
TOR LAMPS Single or cluster fixtures in 3 
distinctive styles, wide range of finishes. 
For ceilings, walls, under eaves . . . all ex- 
teriors requiring a high-degree of architec- 
tural and color fidelity. 


STONCO ELECTRIC PRODUCTS 


5 | Big internal heat-dissipating fins. 


6 | STONCO ‘“‘Cushion-Seal’’ — high-temper- 
ature live silicone-rubber weatherseal. Pro- 
tects in any fixture position, even face-up. 


17 | Plenty of grip-space between lamp and 
shield. 


8 Lifetime cast aluminum — with that solid 
heft indoor units just don’t have. 


@ The Award Series is now on display at 
your STONCO distributor. Look for it. 


@ Write today for Award Series catalog: 
Section A-3. 


@ See Sweet’s Architectural file: 33a/ST. 


CLUSTER LIGHTS 

POWER BEAMS | 
VAPORTIGHT é “4 
BOXES and FITTINGS : 
EMERGENCY PORTABLES 


AUTOMATIC 
TRANSFER SWITCHES... 


engineered to assure continuous power, 
safeguard life, property, production. 


ELECTRICALLY HELD 


MAGNETIC 
CONTACTORS... 


reliable power switching, 
rugged durable design. 


ELECTRICALLY HELD 


ELECTRICALLY HELD 


Zenith Automatic Transfer Switches and Contactors are rated from 


30 to 600-amps., 250 and 600-v. operation. 


QUICK DELIVERY « Designed to YOUR specifications 


Zenith has been engineering and manufacturing a complete line of 
electromagnetic controls and timing devices for over 35 years. 


@ Automatic Transfer @ Special Relay 


Switches Controls 


@ Transfer Switch 
Accessories 


@ Magnetic Contactors @ Reset Timers 
@ Cycle Timers 


@ Pregram Clocks 
®@ Interval Timers 


Write for 64-Page Engineering 
Reference Catalog 
18-A. See classi- 
fied phone 
directory for 
your factory 
representative. ( 


152 WEST WALTON STREET 
Telephone: Michigan 2-3322, .Cable: Zenelec 


. CHICAGO 10, ILLINOIS 


NEW CHAIRMAN of the Illinois Chapter, 
IAEI, Lyle E. Dunham (left), Springfield, 
accepts gavel from immediate past- 
chairman Don E. Coutts, Chicago, at 
winter meeting of inspector group in 
Chicago. 


The City of Chicago requires a 
l-in. band of red tape be applied to 
the grounded phase conductor of a 
corner-grounded 38-phase system, 
wherever such conductor is exposed 
in an accessible box or terminal cab- 
inet. Other inspectors agreed that 
grounded-phase conductor identifi- 
cation should be different from that 
of grounded neutral conductors but 
want such identification to be a uni- 
versal type standardized by the 
code. To initiate action in this re- 
spect, Illinois inspectors approved a 
motion by Chicago’s chief electrical 
inspector W. P. Hogan, Jr., that the 
Chapter Codes Standards Commit- 
tee Chairman E. J. Boyle apprise 
the proper NFPA electrical code 
panel of this problem and enlist 
their consideration in an ultimate 
solution. 

A variety of subjects occupied the 
remainder of the two-day confer- 
ence. J. V. McBride, chief engi- 
neer, The Plastic Wire & Cable Co., 
Jewett City, Conn., discussed recent 
developments in cable and cord in- 
sulations; E. C. Soares, Industrial 
Engineering Services, Tenafly, 
N. J., reviewed the basic elements 
of system grounding techniques; 
J. A. Pape, Commonwealth Edison 
Co., Chicago, reported a healthy in- 
crease in the number of electrically 
heated homes and apartment struc- 
tures in Illinois. S. B. Cappell, Chi- 
cago electrical inspector, discussed 
the relationship of good workman- — 
ship to electrical fire safety, par- 
ticularly with metallic armored 
cable systems. C. M. Clark, common- 
wealth Edison Company, Chicago, 
presented a highly interesting and 
informative movie and discussion of 
the Dresden Nuclear Power Station 
in Illinois. 

At the concluding business ses- 
sion the following officers were 
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products of PIO 


NEW AUTOMATIC 
OUTDOOR LANTERN 
AND POST CONTROL 
Two, three or a small galaxy of outdoor 
lights come magically alight at dark, turn 


off at dawn. Built-in time delay avoids on- 
off flicker from car headlights, Satin 


aluminum standard exterior face plate, 
weatherproof gasket. 300W Capacity. 


. as 


% 
ed 


‘ 


NDOOR LIGHT CONTROL 


Arrive after dark to a home aglow with 
varm, welcoming, pre-selected lights. Auto- 
natically turned on or off by a photo- 
lectric cell, or manually controlled. Ivory 
vhite 2. gang face plate. Selector switch has 
hree positions—Automatic, Off and On. 
OW Capacity. 


\N ECONOMY DIMMER SWITCH 


Phe beauty and comfort of controlled light 
n any room, through an _ inexpensive 
lectronic dimmer. HI for general lighting, 
.O for mood level, OFF. Replaces standard 
yall switch without changing wiring or 
yall plate. 300W Capacity. 117V AC, 
acandescents only. 


“yEnc e a 
PROGRESS MANUFACTURING CO., INC. | 
Dept. ECM-5, Philadelphia 34, Pa. | 
Please send me complete information on | 
{_} Outdoor Control [_] Indoor Control {_} Dimmer Switch | 
Nome 
Compony | 
Address | 

I 
71 


JOB SPECIFICATION: 


WIRE GOOO ACRES FOR SOUND... 


And over mountains and down val- 
leys, too. That’s the communication 
system which was required for the 
Winter Olympics at Squaw Valley. 

A complete sound and public ad- 
dress system—consisting of 16 sep- 
arate sound systems—was installed 
over the sprawling, 6000-acre Olym- 
pic area. A series of switches gave 
the system the versatility it had to 
have; any number of individual 
sound systems from one to all 16 
could be tied together for public an- 
nouncements. 

Because the system was to be used 
for only 11 days, costs had to be kept 
to a minimum. Yet this difficult in- 
stallation feat was accomplished 
with standardized Stromberg-Carl- 
son components. 


It took the knowledge of a communica- 
tions specialist like Stromberg-Carlson 
to wire Squaw Valley for sound for the 


wi. 


The great flexibility of the stand- 
ardized components was the key to 
the system’s versatility. 

More and more contractors are 
swinging to Stromberg-Carlson 
sound and communications equip- 
ment, because they have learned that 
the assistance and service rendered 
by Stromberg-Carlson sound distrib- 
utors make installation easier and 
require fewer contractor man-hours. 

When you bid Stromberg-Carlson, 
you bid competitively—with assur- 
ance of a good profit and an installa- 
tion that will add to your prestige. 

For further details, or the name 
of our local representative, write to 
Commercial Products Division, 
1453-05 North Goodman Street, 
Rochester 3, New York. 


recent Winter Olympics. Complete cov- 
erage was provided over the entire 
6000-acre area. 


“There is nothing finer than a Stromberg-Carlson” 


STROMBERG -CARLSON 
a vivision ofr GENERAL DYNAMICS 


ELECTRICAL CONSTRUCTION AND MAINTENANCE ... MAY, 1960 325 


SAVINGS 


with 
THOMPSON 
HANGERS.... 


3915-TD 


...the most practical method of 
luminaire maintenance! 


Relamping alone cannot maintain peak lighting efficiency! Dirty 
luminaires waste money as well as foot-candles. But vitally necessary 
periodic washing . . . under most serving methods . . . involves almost 
prohibitive cost and hazard to personnel. 

Thompson Hangers reduce servicing costs and eliminate all 
climbing and electrical dangers automatically. They permit one 
unskilled man .. . without assistance or special auxiliary equipment or 
personal hazard ... to service a fixture within a few minutes at floor 
level. And that’s why Thompson Hangers are the fastest, safest and 
most economical method of maintaining peak lighting 
efficiency at minimum cost. 


FOR DETAILS, WRITE FOR BROCHURE TH-57 


THE THOMPSON ELECTRIC COMPANY 
P. ©. BOX 873-D e CLEVELAND 22, OHIO 
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elected: chairman—Lyle Dunhan, 
Springfield; first vice chairman— 
Wm. P. Hogan, Jr., Chicago; sec- 
ond vice chairman—Leland J. Hall, 
Orland Park; third vice chairman-— 
Edward J. Boyle, Chicago. Clar- 
ence A. Wingfield, Chicago, is the 
Chapter secretary-treasurer. 
Randall Beasley was elected 
chairman of the new Executive 
Committee composed of the fol- — 
lowing industry representatives: 
George Albiez (wholesalers) ; Wil- — 
liam Veldhouse (contractors) ; Le- — 
Roy Block (manufacturers) ; Don 
Coutts (past-chairman) and Harold 
Hady (suburban inspectors). 


New Books 


Electric Heating and Cooling Fact | 
Book, 52 pages, $1.00. Electrical | 
Information Publishers Inc., 2132 — 
Fordem Ave., Madison 1, Wis. : 

1960 issue contains over 240 
listings of electric resistance heat- 
ers, heat pumps, and control equip-~ 
ment, with market information, | 
hints on wiring, and a section on~ 
insulation. ; : 


ASTM Standards on Electrical In-- 
sulating Liquids and Gases, D-27, 
3836 pages, $4.25. American Society © 
for Testing Materials, 1916 Race> 
St., Philadelphia 3, Pa. y 

Typical of 48 standards included - 
in this book are ‘Tests for Corro-* 
sive Sulfur in Electrical Insulating | 
Oils” and “Test for Scavenger Con-. 
tent in Askarels.” Valuable for 
those concerned with problems in- 
high-voltage transmission. : 


Electrical Systems Design, by Jo- 
seph F. McPartland and editors of 
Electrical Construction and Main- 
tenance, 220 pages, Second Edition, 
$7.75. McGraw-Hill Book Co., 327 
W. 41st St., New York 36, N. Y. 

Modern standards, procedures, 
and developments in electrical sys- 
tems jdesign are brought together 
in revision of practical guidebook. 
Covering power, light, heat, air 
conditioning, signals and com- 
munications for industrial, com- 
mercial, and residential structures. 
the book relates services, feeders 
and branch circuits to moderr 
design and basic safety require: 
ments of the National Electrica 
Code. Over 200 diagrams anc 
drawings show step-by-step pro: 
cedures for selecting designs, fo 
implementing these designs with 
actual equipment, and for incor) 
porating the resulting systen 
within the physical dimensions 0 
the building. 


* “MARKETS UNLIMITED” « 


HIGH WATER 


ao? *. 


a © ea es iq HEN SE EES Hay, 


( means 3-PHASE 220 ort 


! 440 SUBMERSIBLE 


| OPERATION HERE | 


I from Single Phase Lines : 


ed 


Now, get all the benefits of dependable 3-phase 
submersible pump operation and be assured of 
trouble-free, continuous full power output with 
the ADD-A-PHASE Power Converter. Absolutely 
no expensive 3-phase wiring necessary. The 
Add-A-Phase is easily installed by any qualified 
electrician. 


UNIT BALANCES OUT 
PERFECTLY FOR ANY LOAD 


Gdd-A-Phase POWER CONVERTER 


e@ 100% Rated Load § 
_@ High Power Factor | 
_@ Balanced Currents 

e ne Loss of Work 


i 
] ADD-A-PHASE 
Div. System Analyzer Corp., Nokomis, Illinois 


| Gentlemen: Please send, without obligation, 


complete details on your ADD-A-PHASE Power | 
| Converter. | 
Penames 22s Title | 
Begin ee 
| Address__. 
ORT yeees ee Zone | 
I state! ] 
<7 SEE FOR YOURSELF... package | 
| } includes many case histories of the | 
| success of the Add-A-Phase.. . 
years of trouble free use. IF YOU I 
] HAVE A SPECIFIC ELECTRIC POWER | 
ee PROBLEM GIVE US THE DETAILS I 
— FOR RECOMMENDATION. 


NEW BERKO MANUAL 
MAKES ELECTRIC HEAT 
INSTALLATIONS A SNAP! 


The installation of electric heating is no great mystery. Con- 
tractors, who once got scared off by strange phrases such as 
“heat loss,” will wonder why they ever stayed out of this boom- 
ing, big profit market. Electric heat is simple and Berko’s new 
manual takes you every step of the way to complete and 
thorough understanding. 


Using the manual, even the most inexperienced can quickly 
and accurately calculate heat loss, determine the number and 
type of units needed to adequately heat a room, approximate 
annual operating cost, gauge the effect of insulation, etc. The 
manual also contains the most complete, up-to-date geograph- 
ical data charts available. 


Get your manual today and start expanding your business 
tomorrow with Berko Electric Heat! For copies, write Berko or 
contact your local electrical distributor 


aE5E-FRi<CI 
ELECTRIC 
MANUFACTURING 
CORP. 


212-40 Jamaica Avenue 
Queens Village, 28, N. Y. 


AN EASIER WAY 


A NEW DISPLAY BOARD THAT PUTS BLACKHAWK’S LINE OF 


QUALITY ELECTRICAL FITTINGS RIGHT IN FRONT OF YOU 


You save time and make certain 
of getting just the items you want 
when you order by number from 
this convenient display board. 
See and feel Blackhawk quality. 


Simplify your purchasing, keep 
your inventory under control 
with this convenient new 
BLACKHAWK display board. 


Look for it at your electrical dis- 
tributors . . . and order the fit- 
tings that save you time, build 
a reputation for quality service. 


lackhawk 
Jadostries DUBUQUE, IOWA 


where the new ideas come from 
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ON THE USE AND PERFORMANCE OF 
CHARCO PRODUCTS DEPENDS OUR REPU- 
TATION—AND THE SAFETY OF THOSE 
WHO USE THEM. NO WONDER WE 


MAKE ONLY THE FINEST 


UNQUOTE 


* LEADER IN LABORATORY RESEARCH AND QUALITY CONTROL. 


MANUFACTURER OF CHARCO Superior QUALITY “FLEX-SAF™ 
GLOVEs AND “FLEX-FitT” SLEEVES FoR LINEMEN 


ke ORIGINATOR OF THE Contour Curr GLOVE AND oF 
Hi-Visisitity Rep 'N Black GLoves AND SLEEVES 


CHARLESTON RUBBER COMPANY 


81 STARK INDUSTRIAL PARK © CHARLESTON, SOUTH CAROLINA 


Write For Our New 36 Pace Caratoc 


NO UMBRELLA NEEDED 


for this BROOK TEFC MOTOR! 


This BROOK A.C. TOTALLY ENCLOSED, FAN COOLED MOTOR is in a “cocoon” 
that keeps out moisture, fumes and dust. Heat is dissipated through large radial . 
heat exchanger fins. They are cutting costs in juice extraction plants, canneries, 
dairies, breweries, refineries, chemical plants and other indoor and outdoor ap- 
plications where moist con- 
ditions or weather are a 
problem. 

Available in new N.E.M.A. 
rerate frames that take 
less space and weigh 12- 
15% less, 1 to 40 HP, or 
in the old larger frames, 1 
to 600 HP. Warehouses, 
Sales Representatives and 
Dealers throughout the 
country. Send for literature 
on the complete line of 
Brook Motors. You will be 
amazed at what you can 
save! 


SINCE 1904 


“World’s Most Respected Motor” 


BROOK MOTOR CORPORATION 


3302 W. Peterson Ave., Chicago 45, Illinois 
In Canada: BROOK ELECTRIC MOTORS OF CANADA, LTD. 
250 University Ave., Toronto, Ontario 


ELECTRIC 
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. National 


Illuminating Engineering Society — 
Regional Conferences: Great Lakes,. 
Carter Hotel, Cleveland, Ohio, May 
16-17; Northeastern, Wentworth-By-. 
The-Sea, Portsmouth, N. H., June 
8-9; Canadian, Nova Scotian Hotel,, 
Halifax, N. S., June 13-14. 


National Fire ‘Protection Assn.—An- 
nual meeting, Montreal, Canada, 
May 16-20. 


Pacific Coast Electrical Assn.—Annual 
convention, Stardust Hotel, Las 
Vegas, Ney., May 16-18. 


Design Engineering Conference and) 
Show—Statler-Hilton and Coliseum, 
New York, N. Y., May 23-26. 


Construction Caribbean—A_ building 
materials show, San Juan, Puerto 
Rico, June 3-9. 


Edison Electric Institute—Annual Con- 
vention, Atlantic City, N. J., June 
6-8. 


New York State Association of Electri- 
cal Contractors & Dealers—61st an- 
nual convention, Whiteface Inn, 
Lake Placid, N. Y., July 3-8. : 


National Association of Lighting Main-~ 
tenance Contractors—National con- 
ference, Milwaukee Inn, Milwaukee, 
Wis., August 22-24, 


Illuminating Engineering Society—Na~ 
tional Technical Conference, Penn~ 
Sheraton Hotel, Pittsburgh, Pa.,| 
September 11-16. | 


Inspectors — Northwest 
Sheraton-Portland Hotel, 
Ore., September 12-14; Southwest 
Section, Mapes Hotel, Reno, Nev... 
September 19-22; Eastern Section, 
Wentworth-By-The-Sea, Portsmouth. 
N. H., September 26-29; Western 
Section, Continental Hotel, Kansas: 
City, Mo., October 3-5; Canadian Sec- 
tion, Toronto, Ont., Canada, October 
8-9; Southern Section, Rice Hotel, 
Houston, Texas, October 17-19. 


Pennsylvania Electric Assn.—b53rd an» 
nual meeting, Penn-Sheraton, Pitts- 
burgh, Pa., September 20-22. 


NISA Chapter Meetings—Southwest: | 
ern, Austin, Texas, September 22-24. 


Portland, 


International Association of Electrical 
Leagues—25th annual conference. 
Hotel President, Kansas City, Mo.. 
October 5-7. 


National Electronics Conference—Ho: 
tel, Sherman, Chicago, Ill., October 
10-12. 


Florida Association of Electrical Con: 
tractors—Annual Convention and 
8th Electrical Trade Show, Deau- 
ville Hotel, Miami Beach, Fla., Octo- 
ber 12-15. 


National Electrical Contractors Asso: 
ciation—1960 annual convention, Lag) 
Vegas Convention Center, Las veces 
Nev., October 23-27. 


Electrical Manufacturers: 
Assn.—Annual meeting, Traymore) 
Hotel, Atlantic City, N. J., Novem: 
ber 14-18. 


Electrical & Home Appliance Show— 


Electrical Building, Balboa Park 
San Diego, Calif., November 25-30. @ ) 
. MAY, 1960 3 


PLUGMOLD 3000, for standard single-gang 
box devices. Holds, without devices, up to 
10 No. 6 conductors. 


‘GIVES 


PLUGMOLD 2200 serves as. baseboard, 
multi-outlet system, perimeter raceway. 
Holds up to 10 No. 10. 


ho air Eas 5 ROI «:- Boe 


PLUGMOLD 2100, for Wiremold devices 
rated at 15A, 125V; 10A, 250V. Without 
devices, holds up to 5 No. 6 conductors. 


OUTLETS 


PLUGMOLD 2000 has pre-wired sections for 
short runs, Snapicoil for long runs. Holds 
3 No. 12. 


Wie. a 


TELEPOWER is pair of parallel Plugmold 
raceways, one for communications, one for 


power and light. 


l ONE-PIECE raceway by Wiremold comes 
_ in four sizes for surface wiring of any 
3 building, new or old. 


MONEY 


‘WiremorD® 


DEPT. EO-5 © HARTFORD 10, CONN. 


NEW ... Red Seal’ pisc 
KEEPS DIRT 
OUT of THREADS 


Indicates bottom o 
for correct 
installation. 


Long screws 
push 
ed fibre 
ises out. 


os 


MACHINE SCREW ANCHOR 


with PRETESTED 
HOLDING POWER 


DIAMOND EXPANSION BOLT CO., INC. 


Garwood, New Jersey 


MOISTURE JUST CAN’T PENETRATE 


OWA IE 


FLEXIBLE LIQUID-TIGHT WIRING CONDUIT 


Heavy Square Locked (3% 
or Interlocked 

Galvanized 

Flexible Conduit 


... nor can grease, dirt, oils, alcohols or 
most other corrosive vapors, acids, or 
other harmful elements. Circuits are 
completely protected. 

Liquatite can be installed as quickly bi 
and easily as Flexible Conduit, yet 
assures the protection of Rigid Conduit. It 
follows contours, absorbs motion, vibration 
and shock indefinitely. 


Find out why Liquatite is serving industry everywhere. 


Write today for free sample, costs and 
(ee 


name of Distributor nearest you. 


TYPE LT 
J.1.C. APPROVED 


TYPE LA 
UNDERWRITERS’ 
APPROVED 


er ELECTRI-FLEX COMPANY 


P.O. BOX128C ®@ 


ROSELLE, ILLINOIS 
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Bi 


MISTER ELECTRICAL CONTRACTOR’ 


@ YOU SHOULD BE IN FASTEST GROWING MULTIPLE MILLION 
DOLLAR PART OF YOUR CONTRACTING BUSINESS. 


Photo showing 8 in. bell of 
LIFE SAVER SR. MODEL Cl 


INSTALLATION OF FIRE ALARM SYSTEMS 
IN HOMES OR STORES—BOTH NEW AND 
OLD 


We manufacture Underwriters’ approved 
fire alarm thermostats, also home fire alarm 
panels and bells. Thermostats may be en- 
cased in ceiling with only small thermo- 
static element, which looks like a button, 


Inside view showing 
mechanism of MODEL CI 


showing below the ceiling. 


FIRE ALARM THERMOSTAT CORP., 55 West 23 St., New York 10, N. Y. 


THERMOSTATS, PANELS AND BELLS 
AT MOST REASONABLE PRICES 


ao THERMOSTATIC 
ELEMENT 


ACT NOW! 


WRITE FOR LITERATURE AND PRICES 


oe ee ee en a ee ee a ee en ee en ee ee ee ee eee ee ee es 


Ideal for general testing and 
maintenance, the General Elec- 
tric AK-4 Hook-on volt-ammeter 
combines eight meters in one. 


A twist of the selector switch 
changes scales; only the range you 
select shows. You eliminate the 
confusion and possible misreadings 
of multiple scales. With its five 
current and three voltage ranges, 
it is ideal for troubleshooting, 
appliance testing, and starting- 
current checks. Also, the Type 
AK-5, with four current ranges and 
three voltage ranges, is suitable 
for most of these same applications. 


Write now for product bulletin, 
GEA-6292C, to Section 597-08, 
General Electric Company, 


Schenectady 5, N. Y. 


GENERAL G® ELECTRIC 
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Among the 
Manufacturers 


Headquarters Announcements — 


G. H. Leland Inc., Dayton, Ohio, 
has changed its name to Ledex,| 
Ine. 

Van Huffel Products, Inc., War- 
ren, Ohio, has purchased the prod- 
uct lines of Power-Strut, Inc. and 
Decor Products, Inc. of Framing- 
ham, Mass., whose products will 
be manufactured by the Power- 
Strut Division of Van Huffel. 

Edwin L. Wiegand Co., Pitts-|] 
burgh, Pa., has acquired Barber 
Infrared Associates of Bradner. 
Ohio, as a subsidiary which be- 
comes Radcor, Inc., with I. J. Bar-§ 
ber as vice-president and genera! 
manager. i 

Rockbestos Wire & Cable Co.. 
New Haven, Conn.—Eugene S, 
Reed, sales manager. 

Van Norman Industries, Inc., 
New Bedford, Mass.—Charles Bi 
Eisenhauer, general manager 
Electronics Div. 

I-T-E Circuit Breaker Co., Phila: 
delphia, Pa.—William P. Bolger 
manager of special products divi 
sion; W. H. Edmunds, manager: 
small circuit breaker division. 

Sorensen & Co., South Norwalk 
Conn.—Julie Polis, assistant sale 
manager. 

Raytheon Co., Waltham, Mass.— 
William H. Weed, advertising: ance 
sales promotion manager, Indus 
trial Components Div. 

Western Insulated Wire Co., Lo. 
Angeles, Calif. — Edward Estrin 
vice-president in charge of manu J 
facturing. 

Wheatland Electric Product: 
Co., Pittsburgh, Pa. — James F 
Cook, sales manager. 

Simplex Wire & Cable Co., Cam 
bridge, Mass.—John W. Logan, ex 
ecutive vice president; Dr. Johr/ji 
T. Blake, senior vice president 
G. J, Crowdes, vice president. 

Marcus Transformer Co., Rah 
way, N. J.—Edgar A. Farris, Jr 
vice president, engineering. 

Thor Power Tool Co., Aurora|} 
Il].—Peter Rebechini, chief engi} 
neer. 

General Electric Co., Providence: 
R. I—R. E. Smith, manager of con§) 
struction products sales, Wirinyi§| 
Device Dept. 

Delta-Star Electric Div., H. 
Porter Co., Inc., Chicago, Ill.— 
Norman KE. Shipley, sales manager 
Thomas Works Plant, Lisbon, O. 

Jasper Blackburn Corp., §S 
Louis, Mo—wW. J. Clark, sale 
manager. 


ot. 


NEW WORKING AIDS 
from McGRAW-HILL 


MOTOR SELECTION 
AND APPLICATION 


Just Published. Clearly and simply presents 
information necessary to determine the 
proper application of electrical motors for 
industrial service. Describes motor selec- 
tion in terms of load characteristics ; service 
requirements ; space limitations; and safety 
and duty cycle requirements. Charts, tables, 
and illustrations relate these load variables 
to specific motor characteristics. By Charles 
C. Libby, Fairbanks, Morse & Co. 480 pp., 
220 illus., $13.50 


A-€ MOTOR-CONTROL FUNDAMENTALS 


Just Published—Presents principles and ap- 
plications of controls for a-c motors in plain 
language. Covers functions of control, and 
components needed to perform various func- 
tions. Develops and analyzes control cir- 
cuits, describing good maintenance practices 
and efficient trouble-shooting techniques. 
By R. L. Mcintyre, Joint Apprenticeship and 
Training Comm. for the Elec. Constr. Indus., 
Houston, Texas. 230 pp., illus., $5.95 


CONNECTING INDUCTION MOTORS 
Operation and Practice 


Just Published—Fourth Edition. Practical 
manual helps get better results in changing, 
winding, and connecting induction motors to 
meet any condition of voltage, phase, fre- 
quency, or speed. Covers everything from 
fundamentals of how induction motors work 
to work methods, useful diagrams and 
tables, trouble shooting pointers, ete. Fourth 

edition contains four added chapters, stand- 
ardized terminal identifications, and other 
new helps. By A. M. Dudley; and S. F. Hen- 
derson, Westinghouse Electric Corp. 4th 
Ed., 432 pp., 430 illus., $13.50 


ELECTRICAL ENGINEERING 
FOR PROFESSIONAL ENGNEERS’ 
EXAMINATIONS 


Prepares you for the electrical engineer ing 
examination for Professional Engineer in 
the various states. Explains theory, de- 
scribes methods of application, and gives 
scores of questions typical of those asked 
on examinations, each with the type of an- 
swer expected by the examiners. By J. Con- 

_ stance, Engr. Reg. Consultant. 456 pp., 381 
illus., $9.50 


i 10 DAYS' FREE EXAMINATION 


| 
McGraw-Hill Book Co., Dept. EC-5 | 
327 W. 4ist St., New York 36, N. Y. | 
Send me book(s) checked below for 10 days’ exami- | 
nation. on approval, In 10 days I will remit for 
book(s) I keep plus few cents for delivery costs, and | 
return unwanted book(s) postpaid. (We pay delivery 
costs if you remit with this coupon—same return | 
privilege. ) | 
0 Libby—Motor Selection & Applic.—$13.50 | 
© MetIntyre—A-C Motor Contrt! Fund.—$5.95 
0 Dudley—Connecting Induction Mtrs.—$13.50 | 
© Constance—Elec. Eng. for P.E. Exams.—$9.50 | 


Y (PRINT) 
PSE NISES fer -ieah tae wea alg ieee o)alevelie wi dzovdisteyncs Aye rats/sis "tie n/s.sfSaie/acelos 
MALL CHAS Wace tas alt ae a as elas ahciey == ata lat sinimiayn telauyieiciaeié’ =| pater, = 
City... PES OR ae LONG. «seis State........ | 
MECN ORS OIS Ge SUA COD te SOCIO COAT Ae EASA BEANS | 


BLORUNON reer sUefaicyetn d rreren tele Ant Wai nya/eyaiealstata a die Otvin/a als 6 | 


For price and terms outside U. S. 
write McGraw-Hill Intl., N.Y.C. 36 
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FOR THE FINEST IN LIGHTING — SPECIFY {efefe]a) 


Engineered for Greater Efficiency, 
Appearance and Maintenance 


GOOD offers the most comprehen- 
sive, versatile and uniform line of 
quality fluorescent fixtures. Their 
wide variety, both in width and 
length, provide the fullest choice 
of high efficiency recessed lighting 
units for stores, offices, schools, in- 
stitutions and other installations of 
every type. 


A Few of the Many Models 
To Choose From 


A. Industrials — Many types and 
sizes available for various indus- 
trial applications. 


B. Geometrics—Available in all pop- 
D ular sizes, surfaced or recessed. 
Your choice of many shielding 

medias. 


C. Commercials—Available in many 
designs. See catalog for complete 
commercial selections. 


D. Troffers—Available in all shield- 
ing medias. 


E. Corridor Luminaires — Available 
in metal baffles or plastic en- 
closed. 


@ Write today for our 
80 page complete line catalog 
showing dimensional data and light curves. 


MANUFACTURING CO., INC. 
1015 N. Halsted Street 
Chicago 22, Illinois 


UTILITY 


ALL-STEEL BODIES 


LINE-CONSTRUCTION BODY 


. available in 9’ to 14’6” lengths with mechanical 
or hydraulic winch and derrick, or any other special 
or custom equipment desired. Compartments can 
be arranged to your specifications. 


SERVICE BODIES 


. for 1%2-, %-, and 1-ton chassis. Electrically 
welded into one unit with six waterproof compart- 
ments, recessed paddle handles keyed alike and 
fender skirt protected with die-formed rolled edges. 


Built for safe, dependable service . . . will out- 
last several chassis. 

3-WAY DUMP BODIES 

DUMP to the RIGHT, LEFT and REAR 
All-stee! welded bodies available in 8’ to 11’ 


lengths. The multistage telescopic hoist has a 
lifting capacity of 25,000 Ibs. This is the ideal body 
for safe dumping under hazardous conditions . . . 
especially adaptable for windrowing and backfilling. 


YOU CAN BE SURE OF QUALITY MATERIALS AND WORK- 
MANSHIP WHEN YOU SPECIFY KOENIG PRANNCTS 


Write for literature, specific information and 
name of nearest dis- 
& tributor today. 


IRON WORKS, Inc. 


P. O. BOX 7726A 
HOUSTON, TEXAS 
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All-Purpose, 
Weatherproof 


OUTLE 


® For Mobile Home Parks 
© Farm and Ranch use 


® Outdoor Cons 


truction 


MODEL ‘'50-15" solves power problems for Mobile 

Home Parks because it receives a wide variety of plugs. 

Offers a SO amp. 250 volt 3-wire power receptacle, and 

a 15 amp. grounded duplex receptacle. Protected with two 

50 amp. circuit breakers and fuse. Ample space for 

plug-in adapters when needed. Top hub and bottom knockouts 
facilitate overhead or underground connections. Completely 
spe AES Cover closes and can be padlocked when 


in use. Cords hang through rounded cord slots. 


MODEL 34 offers 15 amp., 125 volt grounded 

duplex receptacle with 15 amp, fuse protection. Sixteen 
other “Hoffman” power outlets are available with 
choice of 15, 20, 30, 35 and 50 Ampere receptacles 
to fit your exact needs. Write us. 


Stocked and sold by 
leading electrical distributors. 


¢ ENGINEERING CORPORATION 


ECM-113 . ANOKA, MINNESOTA, Phone: HArrison 1-2240 


23000-volt primary. 


or horizontally. 


Meter 


332 


© Accommodates high insulation types of GE 


& Westinghouse transformers, 


® Mounting-bar which supports the two cur- 
rent transformers may be attached vertically 


F. D. KEES MFG. CO. 


* BEATRICE 


KEES Transformer Housing 
For 4 Transformers 


2 CURRENT 
2 POTENTIAL 


No. 3624-14 


® 16-Gauge  zinc-grip sheet 


hold-backs and latch. 


ratio 20 to 1, 


® Knockouts for insulator bushings are 
spaced to coordinate with current 
transformers mounted either in verti- 


cal or horizontal position. 


Manufacturers of Meter Boxes, Pull Fuse Switches, 


Test Blocks, Portable Handi-Lites 


NEBRASKA 
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welded construction —_ throughout. 
Doors hinged on both sides, with 


® The two potential transformers rest 
on shelf which slopes to front of 
housing—gives added clearance, 
makes installing and replacing easier. 


Write 
P. O. Box 770 


for Free Catalog 


- Allis-Chalmers Mfg. Co. Mil- | 
waukee, Wis.—W. Glenn Williams, | 
manager of product sales, Rectifier 
Section; M. M. York, manager of | 
marketing, Industrial Equipment | 
Div. 

Wide-Lite Corp., Houston, Texash 
—Kenneth G. Peck, general man- 
ager; Howard W. Stentz, general: 
sales manager. 

Federal Pacific Electric Co., 
Newark, N. J.— Howard Dale 
Langley, marketing manager—mo- 
tor control. ; 

Paragon Electric Co., Two Riv- 
ers, Wis.—John H. Otis, manager 
of sales administration. : 

Kemet Co., Div. of Union Car- 
bide Corp., Cleveland, Ohio— 
Dwight N. Wait, general man-. 
ager. g 
Westinghouse Electric Corp., 
Pittsburgh, Pa. — R. R. Sprowl,- 
manager of industry engineering; 
M. B. Wyman, manager of service. 

Minnesota Mining and Mfg. Co., 
St. Paul, Minn.—Erwin W. Brown, 
manager of electrical products,- 
Irvington Div. 

Electric Autolite Co., Toledo, 
Ohio—Cecil E. Vancil, vice pres- 
ident. ‘ 

York Div., Borg-Warner Corp.,. 
York, Pa.—W. Gene Dart, mer- 
chandise manager, residential 
heating and cooling products. 


Regional Appointments 
MIDDLE ATLANTIC i 
Sorgel Electric Co.: Foster-Mc- 
Clinton, Inc., district sales repre- 
sentatives for western Pennsyl- 
vania and northern part of West 
Virginia. 
Kee Klamps North America Ltd. 5 
William D. Thomas, sales man- 
ager, Buffalo division. 

Rheem Semiconductor Corp.: 
J. Gordon Schontzler, Eastern re- 
gional sales manager. 

Taylor Fibre Co.: Peter J. Lon- 
garzo, sales engineer for the north- 
ern New Jersey territory; Thomas 
E. Coyle, sales engineer for New 
York/ City and northern suburban 
counties: 


SOUTH ATLANTIC 

Arvin Industries, Inc.: Charles 
F. Stannard, district sales man- 
ager for primary electric heat di- 
vision in Washington, D. C., Balti-. 
more and Philadelphia. | 

Republic Steel Corp.: Ross E. 
Smith, Jr., electrical products 
sales representative, southeastern) 
district, Steel and Tubes Div. 

Edwards Co., Inc.: William P. 
Adams, district manager for Geor- 
gia, eastern Tennessee and Norig 
and South Carolina. 

Raytheon Co., Distributor Prod 


WwitH 


ONE AMMETER 


TONG TEST is the only 
instrument of its type that 
~ measures both alternating 
and direct current. 
Press trigger and snap 
tongs around the elec- 
trical conductor for an 
instant reading, without 
shutting down equipment. 
Interchangeable ranges 
up to 1000 amperes; 
impossible to read the 
wrong scale. 


Rugged and dependa- 
ble, safe and accurate. 
No coils or wires to 
burn out. Thousands 
of TONG TEST AMMETERS 
in use after more than 25 
years of active service. 
Eight types available for 
conductors up to 3%” 
diameter, or bus bars up 
to 442" x 2". 

Catalog 


COLUMBIA ELECTRIC MFG. CO. 


4541 Hamilton Avenue> Cleveland 14,Ohio 


FOR QUICK, EASY 
Cable Installation 


“EFFICIENCY” 


NESTED CONDUCTOR 


Write for 
illustrated 
8-page 


Nested conductor racks are compact and 

scientifically designed to carry cables equi- 

distant from center to center. Available in 
' 2, 3, 4, 5 and 6 bushing racks, 


EFFICIENCY 


ELECTRIC & MFG. CO. 
EAST PALESTINE, OHIO 


FOR LONGER PROFITS... 
buy quality lighting fixtures direct from factory 


You can make more profit on lighting 
fixtures with the ‘Site Saver’ line. Sold di- 
rect, the low prices of these fixtures enables 
you to beat local and mail order competi- 
tion...and still make a longer profit. 


All fixtures absolutely guaranteed to meet 
with your approval. We certify highest qual- 
ity and finest workmanship because ... we 
make every item in the line... from glass 
bending and decorating to metal fabrication 


and finishing. 


Here’s the largest, most complete selection of 
fluorescent and incandescent fixtures offered 
by one manufacturer. Buying from one source 
saves you time and trouble. And you increase 
profits with ‘Site Saver’ lighting fixtures. 


ee) 


> WRITE FOR} 
& FREE CATALOG |! 
1 

I 


UNION WIRED, AFL- 
IBEW LABEL 


INTERNATIONAL LIGHTING, INC. - 1825 N. 19th St., St. Louis 6, Mo. 


DESIGNERS e 


CUTTING POWER 


2-inch 
Holes 
Through 
Concrete 
Al Inches 
Thick! 


Twenty-seven 2-inch holes through re- 
inforced concrete 18-41 inches thick 
that was the job to be done on a bridge 
project. Using one Longyear diamond 
drill, a contractor completed the work 
in a few days at low cost despite the 
fact that the bit was cutting steel 10 % of 
the time. The job was finished on sched- 


MANUFACTURERS e 


MAin 1-0600 


ule with Longyear diamond drilling 
equipment. What other type of drilling 
equipment could have done this work at 
justifiable cost? Call your Longyear 
dealer to find out about the great ad- 
vantages and applications of Longyear 
diamond bits and the all-new indus- 


trial drills. 
Adv-168 


Please send complete information on Longyear 
| Diamond Bits and Industrial Drills. Also the 
name of my nearest Longyear dealer. 


: 

ee seth | Name | 

EJ <LONGYEAR CO, | Pex 
76 S. Eighth Street | Appress at 
Minneapolis 2, Minnesota | 
Phone: FEderal 9-7631 faa: ze STATE -] 
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DRI-TRANS— 
supplying the new Kaiser KA | Ss E R 


Cen 


DRI-TRANS (Power Distribution 
Dry Type Transformers) give you 
a balanced combination of excel- 


lent 
opera 


insulation. They meet all safety 
requirements for indoor instal- 


lation 


AIEE Standards. 


ARCHITECTS and ENGINEERS 


Ww 


ELECTRICAL CONTRACTOR 


GENERAL CONTRACTOR 


Ro 


For complete information write: 
e : 

INC, 
t 


7444 W. WILSON AVE., CHICAGO 31, ILLINOIS | . 


Agents in all principal cities. 


ter, Oakland, Calif. 
with alctribution salen et E N T E Re 


of 6000 KVA capacity. 


installation features, quiet 
tion and high temperature 


and exceed NEMA, ASA and 


elton Becket and Associates 


Foothill Electric Corporation 


bert E. McKee, Incorporated 


Subsidiary of 
California 
Eastern Aviation, Inc. 


BRAND Electrical Insulation Putty. See for 
yourself how it pads and insulates a split-bolt 
connector without mess. “SCOTCHFIL” is a 
padding and filling insulating compound in 
handy tape form. A quick cover of “SCOTCH” 


actual field tests. 


SEND FOR FREE SAMPLE 


“SCOICH'’, ‘'SCOTCHFIL’’, AND THE PLAID DESIGN ARE REGISTERED TFADEMARKS OF 3M 
COMPANY, ST. PAUL 6, MINN, EXPORT: 99 PARK AVE,, NEW YORK 16, CANADA: LONOON, ONT. 


SPLIT-BOLT SPLICES 
IN HALF THE TIME! 


Send for free sample of “SCOTCHFIL” 


BRAND Plastic Electrical Tape No. 33 com- 
pletes the splice in one-half the usual time, by 


AND complete information. Write to 3M Co., 
900 Bush Ave., St. Paul 6, Minn. Dept. EAA-50. 


LES Se 


hae TMiinine ano JYfanuracturinG COMPANY 7 sy, 
» WHERE RESEARCH !S THE KEY TO Tomorrow We yy 
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Te Cite Me wl reg) i) | | 


ucts Div.: John J. Lucy, district | 
manager, Carolina district; Rob-- 
ert A. Chalmers, district manager 
for Georgia and Florida. 


EAST CENTRAL 

Allis-Chalmers Mfg. Co.: Charles_ 
F. O’Riordan, manager of North 
Central region; William 8. Wright, 
manager of Grand Rapids district 
—Industries Group. 

Plymouth Rubber Co., Inc.: Ron- 
ald Giles, representative for Slip- 
knot and Plymouth tapes through- 
out the state of Indiana. 

Day-Brite Lighting, Inc.: L. H. 
Edenfield, sales representative in 
Knoxville, Tenn. 

Edwards Co., Inc.: Richard Man- 
uel, Cleveland district manager. 

J. B. Nottingham & Co., Inc. 
Floyd Davies, sales representative 
for Cleveland area. . . 

Gould-National Batteries, Inc.: 
F. B. Steele, Chicago regional 
manager, Industrial Div. 

Wolverine Tube, Div. of Calumet 
& Helca, Inc.: Joseph A. Finnerty. 
wholesaler sales representative. 
Detroit area. 

Kuhlman Electric Co.: Pete E’ 
Taylor, Southern regional man. 
ager. 


WEST CENTRAL 

Allis-Chalmers Mfg. Co.: R. EE 
Morris, Midwest regional man: 
ager; J. A. Sudduth, manager o7 
St. Louis office—Industries Group 

J. B. Nottingham & Co., Inc. 
Charles Petty, Jr., sales represent 
ative in the Gulf Coast area. 

Arvin Industries, Inc.: Ear 
White, district manager for Minne 
sota, North and South Dakota 
Iowa, eastern Nebraska and north} 
ern Wisconsin, primary electri }) 
heat division. 

Elgin Metalformers Corp.: Joha: 
A. Green Co., Dallas, Texas, eng 
neering-sales representative in thy 
Southwest. 

Halo Lighting Products Inc. 
Myron E. Gerber, Midwest re 
gional sales manager. 

Edwin F. Guth Co.: Chassain 
Brothers-Lighting, lighting sale 
agents for eastern Missouri. 

Stromberg Div., General Tim 
Corp.: Virgil E. Davis, time equiy 
ment branch manager, Oklahom 
City. 


WEST 

Taylor Fibre Co.: Edward 
Guelpa, general manager, Westag 
division. 

Western Lighting Corp.: Gabri 
Brody, lighting sales engineer f 
the Southern California area. 

Day-Brite Lighting, Inc.: Hu 
T. Dutter, Jr., sales represent: 
tives in California. 


WE HAVE IN STOCK 


HIGHLY TOOLED 
PRECISION MADE 


FLUORESCENT 


fixture bodies 


L--FOR LIGHTING MANUFACTURERS-— 

| AND ASSEMBLERS OF COMPLETED 
FIXTURES UNDER YOUR OWN 
LABEL 


COMMERCIAL 
INDUSTRIAL 
RECESSED 
ADJUSTABLE SPOTS 


All fixtures tooled for minimum 
assembly, using minimum screws. 


@ WRITE FOR NEW COMPLETE 
LINE CATALOG TODAY 


S Oldest and most progressive manu- 
facturer of fluorescent metal fixtures 


sa 
| 
| 
| 
I 
| 
| 
I 
I 
| 
| 
| 
| 


CANNING-PEKARA, INC. 


2144 North Wood Street, Chicago 14; Illinois 


HUmboldt 9-4224 


UNEXCELLED 
SERVICE 


“RED TOP” brush with resilient pad . . . absorbs 

vibration to improve commutation. ‘/RED TOP” 
Brushes last longer and save equipment wear, 
increase motor performance. Contact HELWIG 
today for your carbon brush needs. 


CARBON PRODUCTS, 


2546 N. 30th St. 
MILWAUKEE 10, WISCONSIN 


“First in Service” 


ENGINEER ENDS WORK STOPPAGES 
CAUSED BY ACCIDENTAL GROUNDS 


Maintenance engineer Tom Regan reports complete 
elimination of production shutdowns (due to accidental 
grounding) through the use of the Brunt Faultfinder. 
Regan, who recently located and cleared an accidental 
ground in twenty minutes by using a Faultfinder, says: 
“It paid for itself with this one use. A similar ground, 
before we had the Faultfinder, took three days to locate.” 
Get the full details on the money-and-time-saving Brunt 
Faultfinder. Write today to Parr Manufacturing, 44A 
Austin St., Newark, N. J. 


Easy To Install! Holds Securely! Introducing 
PAINE’'S New LIBERTY* CONDUIT CLAMP 


Designed For Hanging, 


And Fastening Of 


Thin Wall Conduit 


Proven in use—a big improvement 


over other style fastening devices. 


We urge every electrical contractor, 
electrician and maintenance man, 
etc. to try the New Liberty* Clamp 


. . prove it to yourself! 


* Pat. applied for and pending, Serial No. 812671 


One-p 


device. 
Eliminates need for nuts and bolts. 


Only 
screw 


No sharp edges or extended pro- 


THE PAINE COMPANY, 20 Westgate Road, Addison, Illinois 


ELECTRICAL CONSTRUCTION AND MAINTENANCE... 


trusions. 
tener. 


iece unit has unique locking 


standard electrician’s pliers, material. 
driver needed. 


gravation. 


MAY, 1960 


Makes flat, smooth fas- 
@ Made from rugged, yet pliable, 


®@ Saves the user waste, time and ag- 


335, 


Fastens In Any Position— Easily, Quickly, Securely! 


PAINE'S Versatile, New 
Junior Beam Clamp 


Solves the problem of securing con- 
duits, switchboxes, pipe, etc. onto 
‘I beams, ceiling channels, web 
joists or any type of building frame- 
work requiring lightweight, flush- 


Advertising 


Abolite Lighting Div., The 
Jones Metal Products Co.... 

e Accurate Mfg. Co., The...... 
Ackerman-Johnson Co........ 
Adam Electric Co., Frank..... 
Advance Transformer Co..... 
Alexander - Tagg Industries, 


mounted fastening. Try some! Write Inc. eee e eee eee eee eee 
today, or contact your nearest PAINE Allen-Bradley Co. ........207, 
representative. Allis-Chalmers Mfg. Co....... 

 All-Steel Equipment, Inc...... 


@ Designed for use with 1’ wide and @ Assures a hidden method of holding e American Biltrite Rubber Co., 
up channels, 4’ and ‘‘U’’ shaped conduit pipe, cable above false Boston Woven Hose & Rub- 
or “I beam members. ceilings. bér: Div. clei eee tas tere ae 

® Can be adapted for a variety of e Americanalouver -Coeetnwen. 


@ Mounts flush against channel, makes 
conduit runs neater, more even, 


e American Steel & Wire Div. of 
USSiSteelsenl Ali / Zils. 


applications, including the horizontal 
or vertical holding of electrical boxes 


needed to feed recessed fixtures. smongels American Telephone & Tele- 
e Also effective for hanging a con- @ Works ideally with any Paine con- graph Co. . re sees ae ea 
tinual row of lighting fixtures in duit clamp. Amprobe A Div. of Pyramid 
many styles. Instra: Gorp cis oes aes 


e Anaconda Metal Hose Div., 
The American Brass Co..... 
Anaconda Wire & Cable Co. 
238, 
Appleton Electric Co. ........- 
e Arro Expansion Bolt Co...... 
e ArroletsCorpan sateen 
Arrow Hart & Hegeman Elec- 
tie COs). cask sth eee ee 278, 
Auth Electric Co., Inc........ 
Automatic Switch Co........ 
Baket-OoSaulnch meee sere 
@ Bell Blectric! Cov. ae 
Bell Telephone System........ 
Benjamin Div. of Thomas. In- 
dustries Mite eae ote ean 30, 
e Berko Electric Mig. Corp..... 
Bethlehenta steel: Goma. eae 
e Biddle’ Go:;) James: AG: seas 
BishopmMitew Corpasaen see 
Black & Decker Mfg. Co...290, 2 
Blackhawk Industries ........ 
Blackhawk Mfg. Co. ......... 
e Briegel Method Tool Co...... 
Brook WMotor /Gorp.) sae ee 


e Buchanan Electrical Products 
Corp cpt eee ee aes 


BullDog Electric Products Di- 

EASIER Here’s a thermostat you and your customers /vision I-T-E Circuit Breaker 
will really like. It not only performs accurately / Coie Fee 40, 41, 204, 205, 

10 WIRE and dependably but is faster to install and BurndynCorpiesa ane e ees 
easier to wire! There's no more looping of wires Bussmann Mfg. Co. ....... 26 

. . . simply insert straight wire end under the e Canning-Pekara, Inc. ........ 

than any, other new “quick-connect” terminal and tighten. Get Century Electric Co........ 86, 
electric heat the full story on this better electric heat thermo- Certified Ballast Mfgrs........ 
thermostat stat... write for Bulletin 3205. Chalfant Products Co., Inc.... 4 
Champion Lamp Works....... 


Channel Master Corp. ....... 
Charleston Rubber Co......... g 


Penn C0 NTROLS inc ChasetScSonsy Lncrsereee nie ; 
9 e Goshen, Indiana Chase-Shawmut Co., The..... J 
EXPORT DIVISION: 27 E. 38th ST., NEW YORK, N.Y. @ Cincinnati Time Recorder Co.. / 


AUTOMATIC CONTROLS FOR HEATING, REFRIGERATION, AIR CONDITIONING, e Circle F Mfg. Co..........--. 
APPLIANCES, PUMPS, AIR COMPRESSORS, ENGINES Circle Wire & Cable a Subsidia 


ary of Cerro de Pasco Corp.. 
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INDENTED CRIMP 


FOR GREATER RESISTANCE 


TO PULL-OUT 
VOID FREE 


CONNECTION 


MONEY SAVER 


SAVE UP TO 15% 
WITH SHERMAN 


Write for FREE Sample 


SHERMAN 
j UNI-CRIMP 
LUG 


ey SHERMAN SHERMAN HAND CRIMPING TOOLS 


“gt 
STyNLUS, Portable or bench mounted for fast, easy instal- 


lation of money-saving Sherman terminal lugs. 


There's Something NEW 
In Time Switches ( uses :) 


"T’ Rated 
70 Ampere 


Time Switch 


Fifty years of specialization in design- 
ing heavy-duty time switches has re- 
sulted in the introduction of this 70- 
ampere model which offers substantial 
savings in installation costs and space 
requirements over the customary time 
switch-contactor combination. 


Featuring rugged construction, the Badger has Dura-treated copper contacts with 
pressure type terminals. Heavy non-ferrous gears run with steel pinions. Heavy-duty 
synchronous motor for indoor or outdoor installation. NEMA standard cabinets, flush 
or surface mounted. Vernier time set. Omitting device optional. Reliance manufac- 
tures a full line of heavy-duty time switches and a complete line of general purpose 
switches. 


Write for FREE information kit and prices 


RELIANCE AUTOMATIC LIGHTING COMPANY 


1937 Mead Street Racine, Wisconsin 


PORTABLE POWER 
CUTS YOUR COSTS 


3500 
WATT 


Other Sizes—600 Watt to 
100KW—AIl Voltages, Phases, 


USE POWER TOOLS WITH DEPENDABLE 
WIN POWER ELECTRIC 
—=FOQWER pLants 
You save 4 big ways with a 


WINPOWER electric plant: 


(1) automatically idles plant when load 
is: off’..” . .. cuts fuelscost' <<". 3 
lowers noise . . . extends engine 


ife; 

(2) costs less to buy . . 
beat all competition; 

(3) speeds up production by supplying 
low cost, instant power on the job; 

(4) gives you long and dependable 
service backed by 35 years of 
manufacturing experience. Portable 
cradle units or two wheel dolly 
types. 

FREE BROCHURE AND COMPLETE INFOR- 

MATION SENT BY RETURN MAIL. 


WINPOWER MFG. CO. 
Dept. Gq) NEWTON, IOWA 


. priced to 


MINERALLAC 
“PULL-IN” 


COMPOUND 


No. 100 


LISTED 
and 
APPROVED 
by 
UNDERWRITERS 
LABORATORIES 


For Rubber, Synthetic, Plastic 
or Lead-Covered Wires or Cables 


Approved by Underwriters Laboratories 
for lubricating wires and cables to facil- 
itate pulling them into conduits. Not in- 
jurious to wire or wire covers. Free of 
objectionable odors. White in color. Will 
not drip or run. Convenient pint, quart, 
Y% gal., gal. and 5 gal. cans. Available 
through your electrical jobber. 


'MINERALLAC ELECTRIC COMPANY 


25 North Peoria Street, Chicago 7, Illinois 


|MINERALLAC 


PORTABLE 
TRENCHER 


For complete details— 
no obligation 


TELEPHONE COLLECT 


Rock Island 8-9527 


or mail coupon 


SS SSS ee ee ee 


| | 
— STAMPINGS, INC., Dept. E, |] 
: Rock Island, Illinois : 
| 
a Please send details on POW-R-SPADE : 
i t 
: ING OFF stony <1. os hese aero tee ae oe : 
| | 
: (LTTE LINZ Aan a RAC te Rene cis ' 
| 
- BOO Ves stra acts ee autre cri eatie : 
; ‘| 


® Low cost—light weight—portable. 


© Stampings has over five year’s ex- 
perience in building trouble-free, 
productive trenchers. 


® More in use than any other in its 
class. 


@ Shipment made 1 day after order. 


® Completely assembled, ready to 
work, 


® Pow-R-Spade digs straight, curves, 
angles without preliminary setup. 


Pow-R-Spatle Guarantees Product and Performance 


® Low cost per foot—more profit per 


job. 


® Minimum of working parts—hardly 
any maintenance required. 


® Cuts neat trenches—easy back-fill. 


Digs trenches 3” wide to 24” deep 
—or 4” wide to 18” deep. 


Dealers in principal cities. 


POW-R-SPADE IS MADE BY STAMPINGS, INC. 
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196C 


PHONE FOR MILES 


without any current 


IN IN ELECTRIC HEAT 


Kalamazoo 


Depending upon the wire used, 
Sound Powered Telephones will 
operate from short distances 

up to 30 miles or more without 
batteries or other power sources. 
Your voice supplies the energy 
to transmit speech in clear, 
distinct tones, free of all static. 
pops and outdoor models. 


Write for catalog 
* HOSE-McCANN 


TELEPHONE CoO., INC. 
25th St & 3rd Ave., Brooklyn 32, N.Y. 


KALAMAZOO 


METAL CUTTING 
| BAND SAW 


MODEL 8C 
CUTS 8” ROUND, 16” FLAT STOCK 
Cuts pipe and conduit faster, 
cleaner than other methods. 


You'll do better work easier with 
the Kalamazoo Model 8C. And, 
it’s built to give you years of 
dependable service. 

Write for details today. 


MACHINE TOOL DIVISION 


TANK & 
SILO'CO. 


440 Harrison Street, Kalamazoo, Mich. 
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THERMOSTATS... 
WHITE- RODGERS 
ISTHE LEADER / 


aS wx at 


Use them with confidence—they’re 
specifically designed for Electric 
Heat by White-Rodgers—world’s 


largest maker. 


Sold under the brand names of more 


Type 1A61 
than fifty manufacturers of quality World's Type 1A65 
: y 4 Largest Elegant New 
electric heating equipment. Seiler Companion 


Write for full color folder R 1625 


Leeroy WHITE-RODGERS CO., ST. LOUIS 6, MISSOURI TORONTO 8, CANADA 


nilis 


FASTENERS 


Easy. DRIVE 


SINGLE AND 3 PHASE 
INSULATING INDOOR 


GIVE YOU 
QUALITY and PRICE! 


Highest quality performance . 


.. years of 


dependable service . . . priced to save a 
you money .. . those are the advantages PULL OUT 


of UTILITY DRY TYPE TRANSFORMERS. 
They're fully guaranteed, too, so inves+ 
tigate the advantage of installing Utility 
Transformers now, you'll be glad you did. 


PAT. 2885169 


NEW HUMP 


EASY -DRIVE 
NAIL-IT 


Write today for new price and 
discount sheets. Several attractive 
dealerships and agents territories 
still open. 


Utility 


EASY-ON 
STRAPS 


WRITE FOR FREE SAMPLES NOW! 


| 

| 

ms | | 

NEW GRIP TYPE | 
| 

I 


Essential For Electrical Men! 


| SOLD ONLY THRU LEADING ELECTRICAL WHOLESALERS 
THIEL TOOL & ENGINEERING CO.,INC. 


Direct your inquiries to our National 
Stocking Distributor 


a 

a 

~ CHICAGO Etectute Go. -* 
1322-24 W. Cermak Rd. © Chicago 8, IIt. : im 1417 N. MARKET 


BREUER CBRE ET eee ee See 


ST. LOUIS 6, MO. 


. MAY, 1960 339 
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ALUMINUM 
CONDUIT 


NEED NOT CREATE DIFFICULT 
WIRE PULLING 


Jiffy 
NO-KINK 
FISHTAPE 


and 


Jiffy supstick 


Wire Lubricant 


In Stick Form 


ARE DESIGNED FOR 
ALUMINUM CONDUIT 


Write for FREE SLIPSTICK sample 


iF Established 1915 


 ClydeWLint 


2323 W. 18TH STREET + CHICAGO 8, ILL. 


340 


WHERE 
To Buy 


Equipment, Materials, 
Supplies and Services for 
Electrical Construction— 
Maintenance—Repairs 


GIMBAL RING for 
R30, R40 and PAR 
38 screw-base lamps. 


GIMBAL RING for 
PAR 38, 46, 56 and 
the 64  sideprong 


lamps. 
ATi THE SYMBOL 
FOR GOOD.GIMEBALS 


ATI quality features assure a better job, bet- 
ter appearance. 


ce ATI GIMBAL RINGS. They offer: 


. Trouble- free, long-life construction, 
2 Cost saving adaptability and versatility. 
3. Attractive cadmium plate, brushed chrome 
effect, may be used as plated or will act 
as excellent paint base, 


Write, wire or call for details. 
ATI ALEXANDER-TAGG 


‘INDUSTRIES, INC. 
Hatboro, Pa. OSborne 5-7200 
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@ These manufacturers 
advertised their products in the 


ELECTRICAL PRODUCTS GUIDE 


ELECTRICAL CONSTRUCTION AND MAINTENANCE ... 


SEARCHLIGHT 
SECTION 


(Classified Advertising) 


EMPLOYMENT . 
EQUIPMENT — USED OR 


BUSINESS 
RESALE 


OPPORTUNITIES 


DISPLAYED RATE 


EQUIPMENT & BUSINESS OPPORTUNITY 
Advertising $21.00 per inch 


EMPLOYMENT OPPORTUNITIES—$28.10 
per inch, subject to Agency Commission. 


An advertising inch is measured 7%’’ vertically 
on one column, 3 columns—30 inches—to a 
page. 


UNDISPLAYED RATE 
(Not available for equipment advertising) 
$2.10 a line, minimum 3 lines. 


POSITIONS WANTED undisplayed rate is one- 
half of above rate, payable in advance. 


Box Numbers—Count as one line. 


Discount of 10% if full payment is made in 
advance for 4 consecutive insertions. 


WANTED 


ENGINEERING EXECUTIVE 


Responsible engineering sales and administrative 
position available with well established, widely 
known electrical service and industrial contracting 
business in New York. Will work with a compact, 
congenial group and share in their accomplishments 
and progress, 

Requirements: E. E. degree, with previous ex- 
perience in electrical plant maintenance supervi- 
sion. Specific experience in light and power wiring 
installations desirable but not required. Age 30 to 
40. 

Remuneration: salary plus bonus, 

Interviews will be granted by appointment only. 
Give in first letter detailed past experience and 
earnings. 


P4291 Electrical Construction & Maintenance 
Class. Adv. Div., P.O. Box 12, N. Y. 36, N. Y. 


ADDRESS BOX NO. REPLIBS TO: Box No. 
Classified Adv. Div. of this publication. 
Send to office nearest you. 
NEW YORK 36: P. O. Box 12 
CHICAGO 11: 520 N. Michigan Ave 
SAN FRANOISCO 4; 68 Post St. 


POSITION VACANT 


Electrical Wiring Estimator-Supervisor. Elec- 
trical Engineer wanted for one of New York 
City’s oldest electrical contractors serving. 
both large and small industrial plants, com- 
mercial firms and institutions in the New 
York Metropolitan area. Experienced in sur- 
vey, layout, specification writing, estimating 
and supervising electrical installations. 
Knowledge of electrical codes. Electrical 
engineering degree or special training and) 
experience in this field necessary. Age 30-45. 
Submit qualifications, experience and present 
compensation. P-4292, Electrical Construc- 
tion & Maintenance. 


BUSINESS OPPORTUNITIES 


/ 
Wanted; To buy one-half interest or all in an’ 
electrical contracting or motor repairing shop 
in mid-West area. BO-1328, Electrical Con- 
struction & Maintenance. 


WIRE and CABLE WHEN YOU NEED IT 


From Chicago you can get immediate delivery on 
all types of Electric Cable. Order today. We SDL 
same day. 

Send for our latest stock sheet 
UNIVERSAL WIRE & CABLE COMPANY 
EAstgate 7-4777 
2919 N. Paulina St. Chicago 13, Ill. 
Branches: Los Angeles—Houston—Denver 


FOR SALE—=3 Monitor 
STARTER PANELS 


3 phase, 60 cycles, 200 HP 440 Volts. Type 


6635 DAA 1 


COMFORT SPRING CORP. 
Fairmount Ave. & Bethel St. Baltimore 31, Md. 


MAY, 1960 


Power-zone UNIT SUBSTATIONS 
“ HAVE EVERYTHING...INCLUDING COMPACTNESS! 


e Square D designs and builds a 
complete line of substations for any appli- 
cation, indoor or outdoor—with dry or 
liquid-filled transformers—with large air- 
breakers or molded case breakers—with 
motor control units. 

If you have any questions pertaining to 
substations, call in your Square D Field 
Engineer or write for literature describing 
space and cost saving with Square D’s 
“Power-zone" design. 

Address Square D Company, 1601 Mercer 
Road, Lexington, Kentucky. 


SQUARE 


Power-ZONeé DESIGN PAYS OFF! 


MINIMUM SIZE AND EASY HANDLING 
@ Only 79%” high, 36” deep and 94” wide 
e All components front-accessible 


EQUIPPED TO BEST FIT 
YOUR APPLICATION 


© High Voltage Air interrupter switch or oil cutouts, fused 
or unfused 

® Transformer « Dry type; quiet; up to 500 kva and up to 
5 xv primary; winding taps easily accessible through 
front grille 

@ Low Voltage + Molded case circuit breakers; QMB fusible 
switches and motor starters; metering equipment. Full 
72” of panel space available for these devices 


TD COMPANY 


wherever electricity is distributed and controlled 


@ Reduces glare 
® Gives uniform brightness 


@ Eliminates normal “hot 
spot” below fixture 


Crouse-Hinds Series EV Explosion-Proof Lighting 
Fixtures are easy to install and relamp, provide 
high lighting efficiency in areas classified as Class 1 
hazardous by National Electrical Code. Available 


for incandescent and mercury-vapor lamps. 


adds. greater value to 
CROUSE /HINDS 
EV Series explosion-proof 
lighting, fixtures 


Now,\at ho extra cost to you, this new 
Crouse-Hinds Prismatic Globe reduces 
troublesome glare while increasing 
“seeing” brightness. Provides more 
efficient) working light, by softening and 
distributing the light evenly — without 
reducing the amount of usable light. 


By eliminating “hot spots”, the 
Crouse-Hinds Prismatic Globe reduces 
eyé-fatigue . . . especially important 
in areas where reduced worker efficiency is 
itself a potential hazard. Prisms are 
inside the globe to keep the exterior 
dust-free. Prismatic Globes are 
furnished with 100, 150, 200/300 and 
300/500-watt sizes of Crouse-Hinds 
EV Series explosion-proof lighting fixtures. 


in choice of mountings, with a variety of reflectors CROUSE | MIDs 


SYRACUSE NEW YORK 


OFFICES: Atlanta Baton Rouge Birmingham Boston Buffalo Charlotte Chica inci i ist ‘ 
p go Cincinnati Cleveland Corpus Christi Dallas Denver Detroit Houston Indiana olig, Kansas Cit 
los Angeles Milwaukee New Orleans New York Omaha Philadelphia Pittsburgh Portland, Ore. St.Louis St. Paul Salt Lake City San Francisco Seattle Tulsa Washington 


_ RESIDENT REPRESENTATIVES: Albany Baltimore 


Richmond, Ya, 


Crouse-Hinds of Canada, Lid., Toronto, Ont, Domex, Mexico City, D.F. Peterco, Sao Paulo, Brazil 


